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FOREWORD
This dissertation has been written in the style adopted 
by the Mierican Psychological Association for submission to 
scholarly journals. Pages 1 to 50 present the body of the 
manuscript as it will be submitted to a journal. The 
appendices on the renaining pages constitute a discussion of 
spacing and massed-distributed practice effects in the verbal 
and motor domains, illustration of the apparatus, the tables 
of ANOVA results and the cell means and standard deviations 
for the three experiments as well as the graphic 
representations of those dependent variables for which it was 
not included in the main body of the paper.
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Abstract
Three experiments are reported that examined the 
possibility that the contextual interference effect in motor 
skill learning is a variation of a multiple trial spacing of 
repetitions effect. Specifically, the question why a 
non-spaced condition in a spacing of multiple trials motor 
learning paradigm has not produced predicted retention 
deficits. The results of Experiment 1 and 2 shewed that the 
randomness of the practice schedule and difficulty of the 
task were not related to the lack of retention benefits in 
previous spacing effect experiments. In Experiment 3 the 
question when retention performance deficits might occur was 
addressed. This experiment replicated the contextual 
interference effect reported in the literature and showed 
that this phenomenon nay be uniquely different from the 
spacing of multiple trials effect. The results of this 
experiment suggest that the retention performance of subjects 
in the blocked control condition in the contextual 
interference paradigm rray suffer frcm interference 
experienced during the acquisition trials. When the 
retention test is given seens to partially determine the 
subjects' performance. The consequences for a reconstruction 
hypothesis as an explanation of the contextual interference 
effect are also discussed.
XV
Spacing and Contextual Interference 1
Spacing of Repetitions and Contextual 
Interference Effects in Motor Learning
While motor learning theory has seen a strong 
development in recent years (Adams, 1971; Schmidt, 1975; 
Schmidt & Shapiro, 1982), there exist certain phenomena that 
cannot be explained by these theories. An example is the 
contextual interference effect. This effect, first defined 
in verbal learning by Battig (1966), demonstrates that 
practice conditions that invoke a high degree of 
"interference" during acquisition result in retention 
benefits during subsequent tests.
Experiments by Shea and Morgan (1979) and Lee and Magill 
(1983) showed the presence of the contextual interference 
effect in multiple trial motor learning situations. Using a 
simple, rapid movement pattern response, both studies shewed 
a retention performance benefit for a randan condition (a 
high contextual interference condition) ccrpared to a blocked 
practice schedule (a low contextual interference condition). 
Lee and Magill (1983, 1985) argued that this effect closely 
resembled the spacing of repetitions effect in verbal 
learning and proposed that the explanation of the spacing 
effect provided by Jacoby (1978) could also be used as a 
basis for explaining the contextual interference effect in 
motor learning.
Spacing and Contextual Interference 2
Essentially, the spacing of repetitions effect can be 
defined as improved retention performance due to an increase 
in time between presentations of an item. That is, when a 
second presentation of a to-be-learned item does not closely 
follow the first presentation, subsequent retention 
performance is facilitated more than if the two presentations 
were spaced close together (See Crowder, 1976, and Hintzman, 
1974, 1976, for reviews).
Lee and Magill (1985) argued (fran work by Jacoby, 1978; 
Cuddy & Jacoby, 1982), that both the spacing of repetitions 
and the contextual interference effects could be based on a 
ccfmcn underlying principle —  during the acquisition of a 
skill, better learning results frcm active action plan 
construction occurring on each practice trial. In a random 
or spaced practice schedule, action olan construction 
activity increases on subsequent trials because of a 
forgetting of the proposed solution (i.e., the action plan) 
to the problem imposed by the novel motor skill. If the 
appropriate solution to this motor problem could easily be 
remembered from one trial to the next, as in the case of the 
blocked or non-spaced schedules, reconstruction activities of 
the action plan would be subdued. The consequence of this 
type of practice organization would be a maintenance 
rehearsal type of processing activity, which is regarded as 
an efficient and beneficial strategy for irtmediate 
acquisition but which results in poor delayed retention or
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novel transfer performance (Craik & Lockhart, 1972). The 
sustained reconstruction activities in high contextual 
interference and spacing of repetitions conditions are 
proposed to cause a stronger memory representation of the 
skill.
TVs similarities of the spacing and contextual 
interference effect in verbal and motor learning, and the 
results of Experiment 2 and 3 by Lee and Magill (1983) formed 
the basis of their proposed explanation for the contextual 
interference effect (Lee & Magill, 1985). The serial 
condition in these experiments, which could be interpreted in 
spacing terminology as a lag 2 condition (i.e. two tasks 
intervene between repetitions of the goal task), performed as 
well as the random condition and better than the blocked 
condition on the retention test. These results suggested 
that an explanation of the spacing effect might provide a 
wedge to explain the contextual interference effect.
Moreover, dissatisfaction with Shea and Zimny’s (1983) 
explanation of the contextual interference effect also 
stimulated the search for a more ocnplete account. Shea and 
Zimny's elaboration and distinctiveness explanation accounted 
for the randan practice retention benefits but could not 
account for the acquisition performance deficits of the 
randan condition reported in contextual interference 
experiments (Lee & Magill 1983). In addition Lee and Magill 
(1985) argued that the elaboration explanation is a circular
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argunent in that one can only infer frcm retention or novel 
transfer test performance whether more elaborative and 
distinct memory traces were developed. A direct test of the 
degree of elaboration and distinctiveness of the memory trace 
is inpossible.
Since the contextual interference effect in motor 
learning has occurred in nultiple trial learning situations, 
it became critical to the reconstruction hypothesis of Lee 
and Magill (1985) that the spacing effect could be 
demonstrated in a multiple trial learning situation. To 
acccrplish this, Magill, Meeuwsen, Lee, and Mathews (1987) 
developed a series of experiments designed to determine if 
the spacing of repetitions in a nultiple trial motor learning 
situation would produce the same retention and transfer 
performance benefits as has been demonstrated for contextual 
interference. In these experiments, subjects in an immediate 
repetition condition, which was assumed to be the same as the 
blocked condition in the contextual interference experiments, 
performed all acquisition trials with a short spacing 
interval between repetitions. This condition was compared to 
different variations of spacing of repetitions conditions.
The results of all experiments were that no retention 
performance benefits resulted frcm the spaced conditions than 
from the irrmediate repetition or non-spaced condition. 
Hcwever, strong evidence was provided for novel transfer 
benefits for the spaced conditions regardless of the
Spacing and Contextual Interference 5
intervening activity during the spacing interval. These 
results suggested that, at least for retention effects, an 
explanation of the contextual interference effect based on 
the spacing effect was not appropriate.
However, certain methodological problems in the Magill 
et al. (1987) experiments tray have contributed to the 
non-significant retention results and should be addressed 
before rejecting the reconstruction hypothesis. The present 
series of experiments examined three methodological issues 
which might have caused the null effects during retention in 
the Magill et al. (1987) experiments. First, a randcm 
condition was not included in these experiments. Lee and 
Nfagill (1983) found that subjects in the randcm and serial 
conditions performed similarly during retention when they 
were asked to move as fast as possible. Hcwever, when 
performance to a criterion movement time (NTT) was required 
(Experiment 3), subjects in the serial condition did net 
perform significantly better than those in the blocked 
condition during retent ion. Therefore, the non-randcm nature 
of the spaced practice conditions used by Magill et al. might 
not have been sufficient to produce retention benefits for a 
criterion MT task.
Second, the difficulty of the task in Experiments 2 and 
3 of ftegill et al. might have eliminated the spaced practice 
condition benefits since the task was too difficult to learn 
under any practice schedule in the number of trials provided.
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In these experiments, subjects performed a 2-segment movement 
task in which each segment had to be performed in its cwn 
unique criterion movenent time (in milliseconds). Subjects 
received knowledge of results (KR) for each segment after 
each trial and were required to improve their performance on 
both se^nents. The difficulty in processing this amount of 
information may have caused a further attenuation of the 
spacing effect (see Jacoby, Craik, & Begg, 1979; Shea &
Zimny, 1983).
Third, the difference in the acquisition and retention 
test organization between the blocked condition in contextual 
interference and the immediate repetition condition in 
spacing of repetitions could also have obscured beneficial 
effects of spaced acquisition conditions. In a blocked 
condition all tasks are practiced and tested in blocks of 
trials. The task practiced during the last block before the 
retention test receives an immediate retention test as 
opposed to the task that was practiced first. The retention 
interval between the task practiced first and the retention 
test is rmch longer and filled with closely related 
intervening activity. Conversely, the immediate repetition 
condition received an immediate retention test on only one 
task. Therefore, the immediate repetition condition might 
not be similar to the blocked condition. The assumption that 
the immediate repetition condition and the blocked condition 
are equally deficient in processing activities may be false
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and nay have led Magill et al. (1987) into using an 
inappropriate paradigm to test the reconstruction hypothesis.
Experiment 1 in the present study tested vdiether the 
lack of spacing benefits for retention found by Magill et al. 
(1987) was due to the lack of randomness in the spaced 
conditions during acquisition. To support this hypothesis 
the random condition should perform with less error during 
the retention tests than the spaced and the imnediate 
repetition conditions. It should be understood that 
Experiment 1 did not test the contextual interference effect. 
It was assumed that the inmediate repetition condition was 
ccirparable to the blocked condition and that randomness of 
the practice schedule was needed to produce retention 
benefits.
Experiment 2 examined whether task difficulty obscured 
the effect of the practice schedule manipulations on 
retention performance. If task difficulty could eliminate 
retention performance differences as suggested by Shea and 
Zimny (1983), a sirrpler task should allow the effects of 
practice schedule manipulations to become evident.
Experiment 2 did not test the contextual interference effect 
either, but examined if task difficulty may obscure the 
advantages of random practice schedules.
Experiment 3 tested whether the spacing of repetitions 
in a nultiple trial situation is different from the 
contextual interference effect comparing the control
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conditions in relation to random practice. If the spacing of 
repetitions and the contextual interference effects are 
unique phenomena, then retention performance should 
discriminate between the respective control conditions.
Experiment 1
In their experiments. Magi 11 et al. (1987) examined the 
per for trance of several spaced conditions and a non-spaced 
condition, using various types of activities to space 
repetitions. In this experiment, a randcm condition was 
added to the iimediate repetition, 20 s enpty interval, and 
the 2 related intervening activities conditions of the Magill 
et al. experiments. The addition of a randcm condition in 
the present experiment permitted a test of the role of 
randcmness in the contextual interference effect and if the 
failure to find spacing benefits for retention by Magill et 
al. was due to the lack of randomness in any of the spaced 
conditions during acquisition. If randcimess is a key 
characteristic for the contextual interference effect for 
learning movements with criterion movement times, then the 
randcm condition should perform with significantly less 
error than the other conditions during the no-KR-retent ion 
test.
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Method
Subjects
Sixty undergraduate students (12 male, 48 ferale) at 
Louisiana State University volunteered to participate in this 
experiment in exchange for partial course credit.
Apparatus
Hie response panel consisted of five push-button 
switches (1 cm square) that were arranged in a 30 x 30 cm 
square on a 60 x 90 cm black board. One switch was placed at 
each comer of the square and one switch in the center. The 
black stimulus panel, which was placed vertically against the 
response panel facing the subject, contained five green 
lights (LED's) placed in a 10 x 10 cm square. These lights 
were arranged to represent the five response switches, with 
the lower lights representing the two switches closest to the 
subjects. A red warning light was placed 10 cm above the 
center light. A hole was cut in the stimulus panel 5 cm 
above the red warning light in which the acnputer monitor was 
placed. An Apple H e  micro cocrputer control led the duration 
of the stimulus lights, the presentation of KR, the duration 
of the intertrial intervals, and the collection of data.
Procedures
Experimental Tasks. The tasks performed by the subjects 
are shown in Figure 1. The same pattern of movement was used 
for all tasks. Ftor the goal task, for which the subjects
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received the no-KR-retention test, the first segment of the 
pattern was frcn switch 1 to switch 2, and was to be 
cortpleted in a criterion Ml of 900 ms. Segment 2, which the 
subjects performed without pausing on switch 2, required 
moving from switch 2 to switch 3 in 1200 ms.
Insert Figure 1 about here
Experimental Conditions. In the inmediate repetition 
condition subjects performed all 30 acquisition trials on the 
goal task with a 6 s intertrial interval (see Table 1). The 
20 s empty interval condition involved performing 30 
acquisition trials of the goal task only, but with each trial 
seperated by a 20 s empty interval. The 2-related 
intervening activities, or serial condition, required 
subjects to learn two tasks between each repetition of the 
goal task during acquisition. The criterion MTs for the 
first intervening task were 700 ms and 1000 ms for the first 
and second segments respectively. The criterion MTs for the 
second intervening task were 500 ms and 800 ms for the first 
and second segments respectively. The execution of both 
related tasks lasted about 20 s. In the random condition 
subjects performed the goal task and the same two related 
tasks performed by the 2 related intervening activities 
condition but performed them in a randcm order during
Spacing and Contextual Interference 11
acquisition. However, no more than two consecutive 
repetitions of the same task occurred in this randcm order.
Insert Table 1 about here
Experimental Procedures. Upon entering the testing rocm 
subjects were randomly assigned to one of the four 
conditions. After the subjects sat in frcnt of the apparatus 
the experimenter provided them with written instructions. 
Following the instructions, the experimenter answered any 
questions about the task and procedures. Subsequently, all 
subjects received five no-KR practice trials on all tasks 
they were to perform during acquisition bo become familiar 
with the movement and stimulus patterns. In the randan 
condition, the green stimulus lights precued the subjects for 
a duration of 2 s preceeding each trial as to which pattern 
was to be performed. Following this pre-cue, the red warning 
light came on for 1 s followed by a 2 s delay and then the 
sequence of green lights indicating the movement pattern bo 
be performed. The pre-cue was not presented during the 2 
related intervening activities, 20 s empty interval, and the 
immediate repetition conditions, because the order of 
movement patterns was constant.
Subjects in all conditions performed a total of 31 
acquisition trials on the each task. Following each trial
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all subjects inmediately received KR in ms for the first and 
the second movement segment on the computer monitor for a 
duration of 5 s. The first trial was considered a guess and 
therefore eliminated fran the analysis.
A 5-min filled retention interval followed the 
acquisition trials during which the subjects were instructed 
to guess three-digit numbers. The subjects guessed one digit 
at a time starting with the right digit of the 3-digit 
number. After this digit was guessed correctly, the subjects 
would guess the middle digit. Following the correct guess of 
this digit the subjects guessed the left digit. Following 
each guess, the experimenter would tell the subjects whether 
they were too high, too lew, or correct. After they guessed 
the last digit, the subjects were asked to report the whole 
number to the experimenter in the correct order.
After the retention interval all subjects performed 10 
no-KR-retention trials on the 900-1200 ms task only. The 
inter-trial interval was 6 s and no KR was provided. One 
week later all subjects returned to perform 10 more 
no-KR-retention trials.
Results
The subjects' performances were recorded in constant 
error (CE). That is, if a subject performed a secyrent 50 ms 
faster than the criterion NTT, CE equaled -50. Frctn the CE 
values three other dependent variables were calculated.
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Absolute error (AE) was the absolute value of CE. Variable 
error (VE) was the standard deviation of a subject's CE 
values. Absolute constant error (ACE) was the absolute value 
of the mean of CE for a block of trials. Fbr analysis 
purposes the trials were averaged in blocks of five.
Repeated measures analysis of variance (ANOVA) were performed 
for each dependent variable. The ANDVA's were followed up by 
a Student-Newman Keuls test of group means. Statistical 
significance was established at £ _< .05. These effects were 
significant for the individual segments as well as their 
ccnposite which is reported here. Only the AE results are 
presented in Figure 2, because this dependent measure was 
considered the most representative of the subjects' 
perforrrance (see also Schutz, 1977).
Insert Figure 2 here
Acquisition. A 4 (condition) x 6 (block) analysis of 
variance (ANOVA) with repeated measures on the second factor 
was used to analyze each dependent measure. A significant 
train effect for condition was found during acquisition for 
AE, F(3,56) = 5.12, £ = .0034. The Newman-Keuls test showed 
that subjects in the 20 s empty interval condition performed 
better than subjects in the other conditions, who all 
performed sindlarly. There was also a condition main effect 
for ACE, F(3,56) = 6.95, £ < .0005, which was due to superior
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performance of the irrmediate repetition and the 20 s empty 
interval conditions. The significant oondition main effect 
for VE, F(3,56) = 6.10, £  = .0012, was due to less variable 
acquisition of the 2 related interveni ig activities and the 
20 s arpty interval oondition. The CE condition main effect, 
F(3,56) = 16.51, £  < .0001, was due to significantly larger 
negative CE scores for the 2-related intervening activities 
and the randcm conditions throughout acquisition.
The main effect for block was significant for all 
dependent measures, F(5,280) = 39.73, £  < .0001 for AE,
F( 5,280) = 4.01, £ =  .0016 for VE, F(5,280) = 31.21, £  <
.0001 for CE, and F(5,280) = 29.27, £  < .0001 for ACE, 
reflecting significant improvement regardless of oonditj ">n.
The oondition by block interactions were all 
significant, F(15,280) — 1.88, £ =  .0249 for AE, F(15,280) = 
2.54, £  = .0015 for VE, F(15,280) * 2.22, £  = .0061 for CE, 
and F(15,280) =* 3.15, £  < .0001 for ACE. The significant 
interactions for ACE and CE *ere due to a faster decrease in 
performance errors for subjects in the randcm and 2 related 
intervening activities oondition than those in the intnediate 
repetition and 20 s empty interval conditions. The 
interaction for AE was due to a faster decrease in 
performance errors for subjects in the irrinediate repetition, 
2 related intervening activities, and randcm conditions than 
those in the 20 s empty interval condition. The interaction
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for VE was due to inconsistent performance of subjects in the 
random condition.
No-KR-retention. The analysis of 5-min delayed 
retention performance consisted of a 4 (condition) x 3 
(block) ANOVA with repeated measures on the second factor.
The three blocks consisted of the last block of acquisition 
and the two 5 min no-KR-retention blocks. The only 
significant main effect for conditions was found for VE, 
F(3,56) = 6.65, £  =.0006. According to the Newman-Keuls test 
results, this effect was due to more variable performance of 
the iimtediate repetition group. The main effect for block 
was significant for AE, F^(2,112) = 4.16, £  = .0181, CE, 
F(2,112) = 8.06, £  = .0005, and ACE, F(2,112) = 7.92, £  = 
.0006. The Newman-Keuls test shewed that these effects 
resulted frcm increased error during the retention test.
None of the oondition by block interactions was significant.
To examine the performance on the retention test without 
the influence of the last block of acquisition a 4 
(condition) x 2 (block) AN0VA with repeated measures on the 
second factor was performed. This analysis produced similar 
results as the first. The rain effect for condition was 
significant for VE, IT{3,56) - 3.66, £  = .0175. The main 
effect for block was significant for CE, £(1,56) = 24.47,
£  = .0001. None of the interactions were significant.
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Hie analysis of the one-week no-KR-retention test 
consisted of a 4 (condition) x 3 (block) ANOVA with repeated 
measures on the second factor. The three blocks consisted of 
the last block of acquisition and the two one-week delayed 
no-KR-retention blocks. No significant main effects for 
condition were found. The train effect for block was 
significant for AE, F(2,112) = 12.26, £  < .0001, CE, F(2,112) 
= 9.21, £ =  .0002, and ACE, F(2,112) = 19.58, £  < .0001, and 
VE, F(2,112) = 9.46, £  .0002, due to an increase in 
performance errors from the last block of acquisition to the 
one week delayed retention test. A significant oondition by 
block interaction for VE, F^(6,112) = 2.96, £ =  .0102, was due 
to inconsistent performance of subjects in all conditions 
(see Figure 2). The results of a 4 (condition) x 2 (block) 
ANOVA with repeated measures on the second factor produced 
similar results. No significant main effects for condition 
were present. The block rain effect was significant for VE, 
F(1,56) = 10.45, £ =  .0001, and CE, F(l,56) = 12.29, £  = 
.0009. The condition by block interaction was significant 
for AE, F(3,56) = 4.35, £  = .0080, and ACE, F(3,56) = 4.77, £ 
= .0050.
Hie final analysis of retention performance included the 
last block of the 5 min delayed no-KR-transfer test and the 
two blocks of the one week delayed test in a 4 x 3 ANOVA with 
repeated measures on the second factor to examine if any 
significant differences were present between the two
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retention tests. No significant noin effects for condition 
were found. The main effects for block were significant for 
AE, F(2,112) - 4.62, £  = .0118, and for CE, F(2,112) = 19.44, 
£  < .0001, due to increased performance error for all 
conditions (see Figure 2). The block effect for VE, F{2,112) 
— 5.89, £  = .0037, reflected more consistent responding by 
the subjects during the 5 min delayed retention test. None 
of the oondition by block interactions were statistically 
significant.
Discussion
The present experiment showed that a randan practice 
organization (i.e. high contextual interference) and spacing 
of repetitions resulted in similar retention performance as 
the inmediate repetition condition when subjects ware asked 
to retnarber cne goal task. The irrtnediate repetition 
condition performed significantly worse than the other 
conditions only for VE during the 5 min no-KR-retention test. 
Except for this, the results were consistent with the 
findings of Nfagill et al. (1987) and added further evidence 
that is inconsistent with the Lee and Magill (1985) view of 
the relation between contextual interference and the spacing 
of repetitions effect explanation.
However, a reconstruction hypothesis can still account 
for these findings since it is possible that when the task 
being practiced is of sufficient difficulty, additional
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processing or action plan reconstruction activities will be 
required even in non—spaced conditions. Support for this 
possibility can be seen frctn the proposal by Shea and Morgan 
(1979) and Shea and Zimny (1983) that practice of 
sufficiently difficult tasks does not benefit frcm contextual 
interference based on practice schedule manipulations, since, 
according to their view, a more difficult task induces 
intratask elaboration. This intratask elaboration would lead 
to better subsequent retention. The use of a simple motor 
task was assumed to eliminate this intratask elaboration and 
ensure that cnly intertask elaboration would occur. Several 
related, simple tasks would, in turn, produce intertask 
elaboration and result in improved, subsequent retention 
performance. In the present experiment and the Magill et al. 
experiments simplicity of the task was assumed to be assured 
by the small number of segments. However, this may have been 
an incorrect assumption.
Evidence frcm the present experiment provides some 
support for the possible influence of task difficulty. This 
is seen in that none of the practice conditions reached an 
asymptotic level of performance at the end of the acquisition 
trials. Moreover, cnly a small percentage of the acquisition 
trials were performed within _+ 5 % of the criterion MT 
(14.71% for the irnnediate repetition condition, 18.27% for 
the 20 s axpty interval, 14.33% for the 2 related intervening 
activities and 12.20% for the random condition). Thus it
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appears that the task used in this experiment was more 
difficult than the ones used by Lee and Magill (1983) and 
Shea and Morgan (1979) in their contextual interference 
experiments. This could mean that more acquisition trials 
should be allowed. However, the studies by Shea and Morgan 
(1979) and Lee and Magill (1983) used only 18 acquisition 
trials and showed the contextual interference effect. 
Therefore, it seorts more likely that the task used in this 
experiment may have been sufficiently difficult to eliminate 
the benefits of spacing of repetitions and randcm practice. 
Experiment 2 addressed this task difficulty issue.
Experiment 2
To achieve a less demanding task situation than the one 
used in Experiment 1, the task to be learned was changed to 
require learning only one, rather than two criterion MTs. 
These criterion NTT's were identical bo those used by Lee and 
Magill (1983) in their Experiment 3. The movement patterns 
were identical to those in Experiment 1 of the present 
series. It seens reasonable to assune that with identical 
NTT's and only two segments these tasks were as sinple as the 
tasks used by Lee and Magill with which they showed a 
retention performance benefit for the random oondition in 
their Experiment 3. If the failure to find a spacing benefit 
for retention in the experiments by Magill et al. (1987) and
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Experiment 1 of this study are due to task difficulty, then 
the decrease in task-related processing demands should allow 
the effect of the practice schedule manipulations on 
retention perforrrence to occur.
Method
Subjects
Sixty f«tale undergraduate students enrolled in 
introductory psychology and physical education activity 
classes at Louisiana State University volunteered to 
participate in this experiment for class credit. None had 
participated in Experiment 1.
The apparatus and the ncvenent patterns for the goal 
task as well as the intervening tasks were identical to those 
used in Experiment 1 (see Figure 1), However, the criterion 
MTs were 1050 ms for the goal task, 900 ms for the first 
intervening task, and 1200 ms for the second intervening 
task, which were the same goal movanent times used by Lee and 
Magill (1983, Experiment 3).
Procedures
Upon entering the testing roan the subjects were 
randomly assigned to one of four experimental conditions.
The subjects in the inmediate repetition oondition performed 
31 acquisition trials on the 1050 ms goal task only.
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Subjects in the 20 s anpty interval condition performed 31 
acquisition trials on the 1050 ms goal task but experienced a 
20 s efipty interval between trials. In the 2-related 
intervening activities condition subjects performed 31 
acr’uistion trials on the goal task with each of the two 
intervening tasks (with 900 ms and 1200 ms NTT goals) 
performed between trials. Subjects in the randan condition 
performed the goal task and the intervening tasks in random 
order until 31 trials of each task were coupleted. KR was 
provided for all tasks by the computer on the monitor 
immediately after a trial had been completed. All subjects 
were instructed that they were to learn all tasks and were 
not aware that only the 1050 ms task was to be performed 
during the retention test.
Following the acquisition trials, subjects in all 
conditions were required to guess three-digit numbers during 
a 5 min retention interval (identical to Experiment 1). 
Subsequently, all subjects were asked to perform 10 
additional no-KR-retention trials on the 1050 ms goal task 
only. The intertrial interval for these retention trials was 
equal to 6 s including stimuli and response. Upon carpietion 
of these trials the subjects were asked to return one week 
later to perform 10 more no-KR-retention trials at the 1050 
ms goal task.
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Results
Task Difficulty. To confirm that the task used in this 
experiment was indeed not as difficult as the one used in 
Experiment 1, the percentage of correct trials (i.e. 
criterion MT _+ 5 %) was calculated for each condition in each 
experiment. The results showed that the percentages correct 
for the subjects in Experiment 2 were about twice as large as 
in Experiment 1. The average percentage correct for segment 
1 and 2 in Experiment 1 were 14.7% correct for the irrmediate 
repetition condition, 18,2% for the 20 s enpty interval,
14.3% for the 2 related intervening activities, and 12,2% for 
the random condition. In the present experiment these 
percentages were 32.0%, 29.6%, 30.5%, and 30.0% for the four 
practice conditions respectively.
Acquisition. A 4 (condition) x 6 (block) ANOVA with 
repeated measures on the second factor, was used to analyze 
the data. The dependent variables were identical to those in 
Experiment 1. The results for AE are displayed in Figure 3.
Insert Figure 3 about here
The cnly significant condition effect was for CE,
F(3,56) = 3.21, £> = .0299. The Newman-Keuls post hoc 
analysis showed that this effect was due to overshooting 
(mean = +20.83) by the 20 s empty interval condition compared
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to undershooting by the immediate repetition (mean = -3.46), 
the 2 related intervening activities (mean = -12.90), and the 
random conditions (mean = -19.47).
Hie block main effect was significant for AE, £(5,280) = 
22.07, £ < .0001; VE, £(5,280) = 16.91, £ < .0001; ACE,
F(5,280) = 7.61, £  < .0001; and CE, £(5,280) = 7.70, £ <
.0001. The only significant oondition by block interaction 
was for CE, £(15,280) = 1.79, £ =  .0357.
No-KR-retention. Analysis of the 5-min retention test 
involved a 4 (condition) x 3 (block) ANOVA with repeated 
measures on the second factor. The three blocks were the 
last block of acquisition and the two 5 min retention blocks. 
No significant main effects for condition were found for any 
of the dependent variables, nor were there any significant 
condition by block interactions. Significant block effects 
were present for VE, £(2,112) = 3.68, £  = .0283, ACE,
F(2,112) = 12.49, £ <. 0001, and CE, F'2,112) = 3.20, £ -  
.0446. To test retention performance without the influence 
of the last block of acquisition a 4 (condition) x 2 (block) 
AI-JOVA with repeated measures on the second factor was 
performed. Ihe results of this analysis were similar to the 
results of the first. No significant main effects for 
condition nor any significant condition by block interactions 
were found. The main effect for block was significant for
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VE, F{ 1, 56) = 4.3, £  = .0426, and ACE, F(1,56) = 6.56, £  = 
.0132.
The analysis of the 1-week no-KR-retention also involved 
a 4 (condition) x 3 (block) ANOVA with repeated measures on 
the second factor. The three blocks were the last block of 
acquisition and the two blocks of the 1-week retention test. 
None of the oondition main effects or condition by block 
interactions were statistically significant. The block main 
effects were significant for ACE, F(2,112) = 19.08, £  <
.0001, and AE, F(2,112) = 11.54, £  < .0001. The results of 
the 4 (condition) x 2 (block) ANOVA were again similar. No 
significant main effect for condition nor the oondition by 
block interaction were significant. A significant main 
effect for block was found for VE, £(1,56) = 5.07, £  = ,0283.
The analysis of the 5-min and the 1-week retention 
involved a 4 (condition) x 3 (block) ANOVA with repeated 
measures on the second factor. The blocks were the second 
block of the 5-min retention test and the two blocks of the 
1-week delayed retention test. Condition main effects and 
condition by block interactions failed to be significant.
The block rain effect was significant for ACE, F(2,112) - 
4.27, £  = .0163, and AE, F(2,112) = 4.94, £ = .0088.
Discussion
The results of this study failed to support the 
hypothesis that decreasing task denands would allcw the
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practice benefits of spaced and randcm practice conditions to 
occur. Therefore, the view that cnly a relatively simple 
task would produce the retention performance benefits shewn 
in earlier contextual interference studies (e.g. Shea & 
Morgan, 1979) was not supported.
One additional alternative remains to be considered with 
regards to the null retention effects reported by Magill et 
al. (1987) and found in the first two experiments of the 
present study. It nay be possible that the imnediate 
repetition condition used in these spacing of repetitions 
paradigms does not induce the same processing deficits as a 
blocked oondition in the contextual interference paradigm.
In the contextual interference paradigm subjects in the 
blocked oondition practice all trials at one task, then all 
trials at the next, etc.. The retention test is performed in 
a similar fashion after practice at all tasks has been 
corgpleted. In the spacing of repetitions paradigm the 
imnediate repetition oondition practices only one task and 
then performs a retention test shortly thereafter on only 
that particular task. Thus, major differences exist in the 
acquisition organization as well as the timing of the 
retention test between the blocked and the imnediate 
repetition practice conditions. Experiment 3 was designed to 
address this issue.
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Experiment 3
'Hie contextual interference studies have repeatedly 
shown a retention performance deficit for a blocked condition 
ccnpared to a randcm oondition (e.g. Lee & Magill, 1983; Shea 
& Morgan, 1979). In contrast, the use of nultiple 
presentation spacing of repetitions in motor learning studies 
(e.g. Nfagill et al., 1987; Experiment 1 and 2 in this series) 
did not shew poorer perforrrance of the imnediate repetition 
condition in the spacing paradigm during retention tests 
ccnpared to spaced or randcm conditions. A comparison of the 
imnediate repetition and blocked conditions would be a direct 
way of determining whether the null retention effects found 
in tiiese experiments were due to the inappropriate use of a 
condition to represent a deficient processing practice 
schedule equivalent to the blocked schedule used in 
contextual interference experiments.
If retention performance by subjects in the blocked 
condition on the goal task is poorer than that of the 
immediate repetition or the random condition, then this 
suggests that there is more to the poor retention per formance 
of the blocked practice condition in contextual interference 
experiments than simply a spacing effect phenomenon.
In this experiment the goal and intervening movement 
tasks were the same as those used in Experiment 1. Early 
ass mptotic performance during acquisition in Ex peril,tent 2
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and a lack of significant differences between conditions 
suggested the presence of a ceiling effect. A ceiling effect 
during acquisition would eliminate the possibility of 
performance improvement during the retention test. The tasks 
used in Experiment 1 were employed in this experiment to 
prevent the occurrence of a ceiling effect. However, because 
these tasks were more difficult than those used in Experiment 
2, the number of acquisition trials was increased to 45 for 
each task. Moreover, because both Experiments 1 and 2 showed 
that delaying the retention test by 1 week did not 
significantly the conditions significantly on any of the 
dependent variables, the 1 week delayed retention test was 
eliminated.
Methods
Subjects
Seventy-two undergraduate students (35 males, 37 
females) enrolled in introductory psychology and physical 
education activity classes at Louisiana State University 
volunteered to participate in this experiment in exchange for 
class credit. None had participated in either of the 
previous two experiments.
The apparatus and movanent patterns were identical to 
those used in Experiment 1 and 2. The criterion MTs were 
identical to those in Experiment 1. That is, 900 and 1200 ms
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for the two segments of the goal task, 700 and 1000 s for 
the two segments of the first related task and 500 and 800 ms 
for the second related task.
Procedures
Upon entering the testing roan the subjects were 
randomly assigned to one of four experimental conditions. 
Subjects in the imnediate repetition condition performed 45 
acquisition trials with KR. Imnediately follcwing the 
acquisition trials the subjects perform^ a 5-min, filled 
retention interval (identical to Experiments 1 and 2), and 
then performed 10 no-KR-retention trials. The intertrial 
interval for the acquisition and retention trials was 6 s.
Subjects in the blocked condition practiced three 
different goal tasks (see Figure 1) in three blocks of 45 
acquisition trials. Subjects were randomly assigned to one 
of three acquisition orders. These orders were, first, 900 - 
1200 ms, 700 - 1000 ms, and the 500 - 800 ms task, second, 
the 700 - 1000 ms, 500 - 800 ms, and the 900 - 1200 ms task, 
and third, the 500 -800 ms, 900 - 1200 ms, and the 700 - 1000 
ms task. The carder of these blocks w h s counterbalanced such 
that all tasks appeared once in the first, second, and third 
position. After each block of 45 trials a 1 min rest period 
was provided. Following acquisition and a 5-min filled 
retention interval, 10 no-KR-retention trials were performed 
on the goal task (900-1200 ms) only.
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Subjects in the blocked with imnediate retention test 
condition were randomly assigned to the same orders as 
subjects in the blocked condition. They performed 45 trials 
on the goal task for which they received KR, followed by 10 
imnediate no-KR-retention trials. After a 1 min rest period 
they performed 45 acquisition trials on the second task, for 
which they received KR, imnediately followed by a 
no-KR-retention test for this task. After a second 1 min 
rest the 45 trials on the third task were performed with KR, 
followed by the imnediate retention test for this task.
After a subsequent 5 min filled retention interval, these 
subjects performed 10 more no-KR-retention trials on each 
task in the order of acquisition.
Subjects in the randcm oondition performed 45 trials of 
each task, imnediately followed by KR, in random order with 
the restriction that no more than two consecutive trials at 
the same task were allowed. A 1 min rest was given after 45 
and 90 trials. After oorrpletion of all trials and the 
subsequent 5-min filled retention interval these subjects 
performed 10 more no-KR-retention trials on the goal task 
only.
Results
Acquisition. A 4 (condition) x 9 (block) ANOVA with 
repeated measures on the second factor was used to analyze 
the acquisition data. The analysis of the 900-1200 ms goal
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task showed a significant main effect for condition for CE,
F(3,68) = 3.64, £  = .017), ACE, F(3,68) = 2.85, £  = .0436, 
and a borderline significant effect for AE, F(3,68) = 2.52, £ 
= .0653. These results were due to significantly larger 
error scores for the random oondition (see Figure 4).
Insert Figure 4 about here
No-KR-retention. Analysis of the 5-min retention test 
involved a 4 {condition) x 3 (block) ANOVA with repeated 
measures on the second factor. The block factor represented 
the last block of acquisition and the no-KR-retention blocks. 
The results shewed significant main effects for oondition for 
AE, F{3,68) = 4.51, £ =  .0061, ACE, F(3,68) - 2.93, £ =
.0399, and VE, F(3,68) = 5.44, £ =  .0021, due to larger 
errors in performance for the two blocked conditions. 
Significant main effects for block were found for AE,
F(2,136) = 4.03, £ =  .0191, ACE, F{2,136) = 12.33, £ =  .0001, 
and VE, F(2,136) = 7.35, £  = .0009 reflecting an increase in 
perforrrance error for the blocked conditions frcm the last 
block of acquisition to retention. A significant interaction 
was found for AE, £(6,136) = 3.04, £  = ,0072, while a 
borderline significant interaction was found for VE, F(6,136) 
= 2.13, £  = .0540.
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When only performance an the retention test was 
analyzed, the results of a 4 (condition) x 2 (block) ANOVA 
with repeated measures on the second factor showed 
significant main effects for condition for AE, F(3,68) =
5.13, .003, VE, F( 3, 68) = 6.39, £  = .0007, and ACE,
F(3,68) = 3.46, £  = .0209. The post hoc analysis of the 
oondition effect shewed that the randcm and the immediate 
repetition conditions performed with less error (AE and ACE) 
than the two blocked conditions. Also, the randcm condition 
was significantly less variable than the other three 
conditions.
To test the hypothesis that performance on a retention 
test immediately following a block of acquisition trials at 
each task during blocked practice would not be affected by 
previous practice on the other tasks, a 2 (condition) x 2 
(block) ANOVA with repeated measures on the second factor was 
applied to these retention trials in the blocked with 
immediate test oondition and the retention trials of the 
immediate repetition condition. This analysis shewed no 
significant difference between the two conditions.
Discussion
The hypothesis that randcm and immediate repetition 
practice conditions would perform with less error than the 
blocked conditions on a 5-min delayed retention test was 
supported. In effect, then, these results replicate the
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contextual interference effect with randcm practice shewing 
better retention performance than blocked practice. In 
addition, the hypothesis that subjects in the blocked with 
irrmediate retention tests condition would perform equally 
well as subjects in the irrmediate repetition oondition during 
an imnediate retention test was also supported. This result 
suggests that a final retention test in blocked conditions 
nay be negatively affected by the blocked practice schedule 
organization.
Additional analysis of the blocked oondition provided 
seme insights as to hew a blocked practice organization may 
produce a deficit in retention performance. In this 
experiment the order of practice in the blocked oondition was 
counterbalanced such that each task appeared once in the 
first, second and third position, resulting in three orders 
during the acquisition phase of the experiment Analysis of 
the effects of order on retention shewed that the 900-1200, 
700-1000, 500-800 order performed with more error during the 
goal task (900-1200 ms) retention test than the other orders, 
which were similar. This suggest that the poorer performance 
of the blocked condition nay be due to retroactive 
interference during acquisition. A study by Poto (1987) also 
suggested such a possibility. The interference may be the 
result of the fact that subjects in the blocked oondition 
learned three related tasks, while subjects in the imnediate 
repetition condition only learned one tasks and were tested
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on one task only. Whether or not subjects in the blocked 
condition were tested on the goal task only or on all three 
tasks did not seem to natter, because they still performed 
with more error than subjects in the imnediate repetition 
condition.
Two things nay be identified that could cause the 
interference underlying this difference. First, when the 
related tasks are practiced, the ongoing establishment of 
their memory representation may disrupt the representation of 
the previously performed goal task, resulting in increased 
error on its retention test. Second, the subjects in 
imnediate repetition condition only practice the goal task 
followed by its retention test. A high degree of 
ocnpatibility exists between practice and test context and 
the transfer appropriate processing during acquisition may be 
sufficient to sustain performance during retention (Lee,
1985; Kolers & Roediger, 1984; Schmidt & Young, 1986).
Support for this contention was provide by the analysis of 
the inmediate retention test in the blocked with imnediate 
retention tests condition and the retention performance of 
the imnediate repetition condition. That is, no significant 
differences existed between these two conditions when the 
retention test immediately followed acquisition of the goal 
task in the blocked with imnediate retention tests condition.
Replicating the first two spacing experiments in this 
study, randcm practice was equally as effective as imnediate
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repetition practice for learning a single task. Again, it 
may be assumed that the ocnpatibility of the practice and 
test contexts enable subjects to overcome deficits of the 
practice situation and perform well during subsequent 
retention tests.
General Discussion
The first two experiments were concerned with why the 
spaced conditions were not better than the non-spaced 
conditions in the Magill et al. (1987) experiments. 
Manipulations involving randomness of the practice schedule 
and task difficulty did not produce results that differed 
with those presented by Magill et al.. In the third 
experiment, a different approach was taken. Here the focus 
was on when the non-spaced condition was not worse than the 
random or spaced conditions. It was hypothesized that this 
may have been because the blocked condition in the contextual 
interference paradigm is uniquely different from the 
inmediate repetition condition in the spacing of repetitions 
paradigm. These two conditions were hypothesized by Lee and 
Magill (1985) to be equally detrimental to subsequent 
retention performance and memory development. However, the 
results showed that these conditions resulted in different 
rather than similar retention performance, as subjects in the 
blocked conditions performed with more error than those in
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the inmediate repetition condition. In fact, as was found in 
Experiments 1 and 2, the randan and inmediate practice 
conditions did not produce different retention performance.
Given the results of Experiment 3 and the experiments by 
Magill et al. (1987), it could be argued that the contextual 
interference effect is a special case of the spacing effect 
since spacing did produce novel transfer effects. If this is 
true, the question of why retention performance is different 
in the contextual interference and spacing situations 
remains. Is the spacing effect in a multiple trial motor 
learning situation similar to the contextual interference 
effect, or are there unique underlying aspects to each 
phenomenon? The random condition has appeared in the 
contextual interference studies and the spacing of mxLtiple 
trials experiments and can be used to ccnpare the relative 
effects of spacing and blocked practice organizations. The 
imnediate repetition condition in the spacing paradigm and 
the blocked condition in the contextual interference paradigm 
were assumed to produce similar deficits during acquisition 
(Lee & Magill, 1985; fogill et al., 1987). According to 
their prediction, the random condition should have performed 
significantly better than the blocked and the inmediate 
repetition conditions. This was clearly not supported by the 
results. Subjects in the inmediate repetition condition 
performed equally well as the subjects in the random 
condition and they performed significantly better than the
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subjects in the blocked condition. The results of Magill et 
al. (1987) suggest that the spaced condition subjects would 
have performed equally well as subjects in the randcm and 
inmediate repetition conditions, leaving the blocked 
condition as the only practice schedule nanipulation 
producing retention performance deficits. Therefore, it 
appears that the contextual interference effect is a unique 
phenomenon that is due to the particular practice and test 
organization of several related tasks in the blocked 
condition. This effect was not replicated using an inmediate 
repetitions condition in a spacing of multiple trials 
paradigm.
As to why spacing does not benefit retention but only 
novel transfer, the following rray provide an answer. The 
spacing effect has found strong support in verbal learning 
short term memory (STM) paradigms (see Hintzman, 1974, 1976; 
Crowder, 1976 for reviews). Some support has also been 
provided in the motor domain by Marshall, Wyatt, Moore, and 
Sigrran (1975) and Marshall, Jones, and Sheehan (1977). In 
the short term motor memory (STWI) studies of Marshall and 
his colleagues the to-be-1 earned item was repeated only a few 
times and no KR was ever presented. The blindfolded subjects 
moved a lever to a stop and, therefore, did not need to solve 
a movement problem by generating and constructing an action 
plan. Since vision was eliminated, proprioceptive feedback 
about the extent of the goal novanent was the only
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information available for processing during the 
presentations. In this instance spacing in ccnfcination with 
several repetitions and increased attention to the 
proprioceptive information resulted in better retention 
performance. The design of the present experiments and the 
nanipulations by Magill et al. (1987) attenuated this spacing 
effect.
The difference in experimental procedures may provide an 
answer as to why the spacing effect was attenuated. First, 
unlike the task used by Marshall et al. (1975, 1977), the 
tasks in the Magill et al. (1987) and the present experiments 
had to be learned, requiring cognitive processing of 
proprioceptive feedback and KR, active forrmlation of action 
plans, followed by their implementation. This processing - 
construction - production cycle continued for a relatively 
large nunber of trials, establishing a memory representation 
strong enough to eliminate benefits from spacing. On the 
other hand, it is also possible that the large number of 
trials in and by itself caused the attenuation of the spacing 
effect. Marshall et al. (1977) found assynptotic retention 
performance when additional trials were given. Therefore, to 
obtain a spacing effect in motor skills, it may be necessary 
to retrain within the S I W  paradigm, provide small numbers of 
repetitions, and exclude KR about the goal task. There is 
no errpirical evidence currently available to suggest whether 
the nimber of trials or the processing and production
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activities attenuate the spacing effect to a different 
degree.
The novel transfer deficit suffered by the immediate 
repetitions condition in the spacing of rmltiple trials motor 
learning experiments reported by Magill et al. (1987) can be 
explained by the type of processing procedures that occurs 
during practice. That is, random and spaced conditions may 
force the subjects to use the available inforrration to a 
greater extent, because the delay before the occurrence of 
the next trial requires them to remember the infornetion or 
nmke early decisions on what strategies to use to improve 
performance. Subjects in the immediate repetition condition 
can satisfy the requirements of the task by keeping the 
proprioceptive feedback and KR in working memory, because the 
next trial occurs only several seconds after KR is provided. 
The necessity to process the information more effectively and 
to greater depths, such that it will be available for the 
succeeding trial is not present. Therefore, the procedures 
to process the available information, formulate the action 
plan, and execute the movement are more effective when trials 
are spaced. These procedures may result in a greater ability 
to abstract the appropriate inforrration needed to irrprove 
performance, quickly adjust to a new situation, and perform 
the novel task with greater accuracy (Kolers & Roediger, 
1984).
Spacing and Contextual Interference 39
In sunmary, the contextual interference effect and 
spacing of irultiple trials in learning a motor skill are not 
conpletely ocrrpatible. The suggestion by Lee and Magill 
(1985) suggestion that spacing of multiple trials may provide 
more evidence in favor of a reconstruction hypothesis for the 
explanation of the contextual interference effect in motor 
learning does not appear carpietely supported.
Investigations will need to move into a different direction 
if direct evidence for a reconstruction explanation of the 
contextual interference effect for retention is to be found.
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Table 1
Ccnparison of the Contextual Interference and Spacing of 
Multiple Trial Paradigms
Contextual interference
Condition Acquisition Retention Retention
interval test
Blocked AAAAAA.., BBBBBB. ..CCCCCC. .  AAABBBCCC. .
Random AABCCBBABCCBAACABC-------- ---------  AABCCBABC. .
Spacing of Multiple Trials
Condition Acquisition Retention Retention
interval test
Imnediate AAAAAAAAAAAAAAAAAA....... .........  AAAAAAAAA. .
repetition
Spaced
(Time) A 20s A 20s A 20s A .......  AAAAAAAAA..
Spaced
(Activity) ABCABCABCABCABCABC........  AAAAAAAAA..
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Figure Caption 
Figure 1. The experimental task movenent patterns and 
criterion mvenent times in milliseconds.
Figure 2. The absolute error (AE) results in milliseconds 
for Experiment 1.
Figure 3. The absolute error (AE) results in milliseconds 
for Experiment 2.
Figure 4 . The absolute error (AE) results in milliseconds 
for Experiment 3.
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Compatibility of Spacing and Massed-Distributed 
Practice Effects in Verbal and Motor Learning
An interesting phenomenon in verbal learning within the 
effects of repetitions is the spacing of repetitions effect. 
Studying the "spacing effect" gained popularity following 
studies by Petersen and associates (Peterson, Hiliner, & 
Saltzman, 1962) that were based on the Brown-Peterson 
paradigm (Brown, 1958; Peterson & Peterson, 1959). The 
interest in the spacing effect vas due to the way it defied 
other laws of memory (Hintzman, 1974). First, retention 
decreased as two presentations of an item occurred closer 
together. This was a violation of the law of recency, which 
held that presentations inmediately following one another 
would result in better retention then when they were 
separated. Second, the phenomenon was an apparent violation 
of the total-time law since the amount of study time was 
equal for each presentation of the item regardless of 
spacing. The total time law holds that retention depends 
only on the total amount of study time and not hew this time 
is distributed (Bugelski, 1962; Cooper & Pantle, 1967). 
Third, infrequent massed repetitions within a list of 
distributed items should stand cut to the subjects and 
receive more processing. This should result in improved 
retention for the nassed repetition itans. This expectation 
failed to materialize (Hintzman & Block, 1970).
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A more recent interest in the spacing effect in motor 
learning has resulted frcm the suggestions by sane 
researchers that certain practice schedule effects, namely 
the spacing of repetitions and the contextual interference 
effects, may be based on the same underlying principle (e.g. 
Lee & Magill, 1985; Shea & Zimny, 1983). However, Adams 
(1983) and recent investigations by Magill, Meeuwsen, Lee, fit 
Nbthews (1987) raise questions concerning the degree of 
corpatibility of the spacing of repetitions and the 
contextual interference effects in motor learning. Results 
of the Magill et al. (1987) studies suggest that spacing of 
repetitions and irassed—distributed practice may be similar in 
their effect on retention of a motor skill, While the 
contextual interference effect may be unique and due to other 
factors. Another related issue that needs to be addressed is 
the degree of corpatibility between the verbal and motor 
domains for the spacing effect. An extensive body of 
literature allcwrs us to address Adams' (1983) claim that 
researchers should examine phenomena within their own domain 
first, before examining carmonalities across domains.
The goal of this review is to present evidence that 
spacing of repetitions and massed-distributed practice are 
similar p h e n o m e n a  within the retention of motor skills. I 
will discuss evidence that spacing of repetitions and massed 
and distributed practice are merely different labels for the 
same retention effect in the verbal as well as the motor
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domain. However, a comparison of spacing of repetitions and 
massed-distributed practice literature between the verbal and 
motor domains suggests that similar rreni pul a t ions do not 
produce similar effects.
Subsequently, I will discuss seme of the theoretical 
explanations of the spacing and massed-distributed practice 
effects and Whether the theories can explain these phenom a 
in the verbal as well as the motor dcirain.
Definitions
lb assure a ocrrtnon base of understanding a definition of 
terms is necessary. Many studies have been published in the 
verbal learning field in which the terms spacing lag, or 
distribution of practice have been used interchangeably. 
Different researchers referred either to the separations of 
repetitions over time intervals (e.g. Glenberg & Lehmann, 
1980) or over a particular nunber of intervening items (e.g. 
t^ tegliero, 1983) as spacing of repetitions. It is often not 
clear what is meant by spacing, lag, or massed-distributed 
practice until one explores the article more closely* 
Moreover, motor learning researchers have adopted many of the 
verbal learning effects' labels bo describe certain effects 
in their domain regardless of whether these effects were 
similar or not. In the following section a reviw of current 
literature will shew the similarities between spacing of 
repetitions and massed-distributed practice within the verbal
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and the motor domain. It will also show how the spacing and 
massed-distributed practice effects in verbal learning are 
unique from the spacing and massed-distributed effects in 
motor learning.
Spacing of Repetitions and Massed-Distributed Practice
Verbal Learning. In the Peterson et al. (1962, 1963) 
studies a to-be-remembered item was presented twice and 
retention was tested. The interval between two paired 
associates was varied with other pairs filling the spacing 
and retention intervals. Conditions in which the subjects 
received items in spaced repetitions led to better 
performance on the retention test. Subsequent investigations 
have shown that this spacing effect occurs in virtually all 
verbal learning memory tasks. Dependent variables have 
included probability of recall or recognition, recognition 
latency (e.g. Hintzman, 1969), and judged frequency (e.g. 
Underwood, 1969) among others. Manipulations of the 
presentations included all auditory or all visual 
presentation (e.g. Melton, 1970), or mixed modalities within 
the same list (e.g. Hintzrran, Block, & Sumners, 1973). Among 
the to-be-remembered items have been nonsense syllables (e.g. 
Kintsch, 1966; Greeno, 1964), words (e.g. Melton, 1967), 
sentences (e.g. Uhderwood, 1970) and pictures (e.g. Hintzman 
& Rogers, 1973). The spacing effect has been found over a 
wide range of presentation rates (Hintzman, 1974; Melton,
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1970) regardless of whether levels of spacing are manipulated 
within or between lists (Underwood, 1969). Retention 
increased with an increase in the number of presentations at 
the same spacing (e.g. Underwood, 1969).
Nfany studies (see Hintzman, 1974; 1976; Crcwder, 1976 
for reviews) have shewn that when the interval between the 
first and the second presentation was short, retention was 
poorer than when this interval was longer. Performance on 
the retention test improved as spacing (i.e. the interval 
between the first and the second presentation) increased frcm 
0 to 15 s . Increases in spacing beyond 1 5 s  were found to 
have little effect on retention. Improvement in retention 
either reached an assymptote or decreased (Hintzman, 1976). 
Hintznan defined the term "spacing effect" as the increase in 
the retention function over short spacing, from 0 to about 15 
sec, regardless of the experimental task.
The massed-distributed practice effect is very similar 
bo the spacing effect in that retention performance increases 
when presentations of a to-be-learned item are separated by 
one or more other items. Underwood et al. (1976) preferred 
to equate the the massed-distributed practice effect with the 
spacing and lag effects. The massed-distributed practice 
effect o c c u red, they argued, when successive occurrences of a 
to-be— 1 earned item were separated by at least one other unit. 
The effect referred to better recall following distributed 
practice schedules than massed practice schedules.
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This definition also applies to the lag effect (Madigan, 
1969; Melton, 1970). However, in the lag effect at least 
seme other items intervene between repetitions, and retention 
performance improves monotonically as a function of the 
number of intervening items. The lag effect will be excluded 
frcm the discussion because it has limited generality.
First, it seems to apply only to free recall in verbal 
learning (D'Agostino & DeRemer, 1972, 1973; Hintanan, 1976). 
Also, a study by Hall and Buckolz (1982) failed to show a lag 
effect in recall of movement patterns, suggesting that this 
effect may not be replicable in the motor dorrain. Moreover, 
the lag effect may be due to seme methodological problems, in 
that the order in which the subject recalls the list itans 
also has an effect on recall probability of the other itons 
(Rundus, 1973).
The distinction between the spacing and the 
nessed-distributed practice effect, according to Hintzman 
(1974) is that the spacing effect reaches and asymptote 
around 15s. In massed-distributed practice the concerns was 
whether or not repetitions were massed (i.e. no intervening 
items) or distributed (at least one intervening item between 
presentations of the to be learned item) and if the presence 
of at least one intervening item between repetitions of the 
repeated word improved retention. The problem with these 
studies is that either the spacing of repetitions, the lag 
effect, or both were confounded with the massed-distributed
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practice effect. That is, because all studies employed 
intervening items between presentations, the use of, for 
exanple, only one intervening item would only allow the 
conclusion that distributed practice results in better 
retention. Including more items that would increase the 
spacing interval to 15 s and beyond would have shewed 
assymptotic retention performance around 15 s of spacing 
except in free recall. Therefore, the spacing effect, which 
is based on the duration of the inter-presentation interval, 
is reduced to a dichotomy in massed-distributed practice 
manipulations that does not allow the retention function of 
the spacing effect to appear. Instead of excluding 
massed-distributed practice effects from the discussion like 
Hintzman (1974), I propose that this effect can be 
categorized either under the lag effect when a free recall 
test is applied (e.g. Bjork & Allen, 1970; Gartnan & Johnson, 
1972), or under the spacing of repetitions effect when other 
retention tests are employed (e.g. Cicoone, 1973). Cince the 
spacing effect constitutes the basis for the
massed-distributed practice effect, I suggest to use the term 
spacing effect when referring to an increase in retention due 
to separating presentations of a repeated item in memory 
tasks other than free recall. Moreover, since the 
massed-distributed practice effect is synonymous with the 
spacing effects the same theoretical explanations can be 
arolied to either phenomenon.
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Motor learning. Limited studies have been performed on 
the spacing effect in motor learning {Marshall, Jones, & 
Sheehan, 1975; Marshall, Wyatt, Moore, & Sigman, 1977; 
Weinberg, Guy, & Tupper, 1964). Moreover, the results of 
these have not been conclusive in supporting or rejecting a 
spacing of repetitions effect. All of the studies failed to 
show the retention performance function that was typical for 
studies in the verbal domain. That is, an increase in 
retention performance for spacings up to about 15 s. A 
direct test of the spacing effect in short term motor memory 
(S*IW) was conducted by Marshall et al. (1975). Their 
results showed that at 5 s spacings one or seven repetitions 
yielded similar retention performance. At 60 s spacings, 
however, seven repetitions performed with less error during 
the retention test than one repetition, while a single 
repetition performed worse at this spacing interval than at 5 
s spacings. In another series of experiments Marshall et al. 
(1977) ccfTbined spacings of 5 s and 60 s facrtorially with one 
or 6 repetitions over ten trials. A significant main effect 
was found for trials, spacing and repetition for algebraic 
error (CE) only. In the second and third experiment the 
movement was only repeated once. Results showed that 
increased attention resulted in less error during the 
retention test for absolute error (AE). These studies 
suggest that a spacing of repetitions effect can occur in 
£>IW1. However, the design of the experiments by Marshall et
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al. (1975? 1977) does not allow an answer to the question of 
whether retention performance in a STOW situation reaches an 
assymptote at spacings of about 15 s. Research has yet to 
determine whether this function occurs when motor skills are 
learned. However, until further evidence suggests otherwise, 
the spacing effect label seems appropriate.
Massed—distributed practice has been the focus of many 
motor learning studies (see Adams, 1987; and Schmidt, 1982 
for reviews). During massed practice the duration of the 
trials is usually longer than the duration of the interval 
between trials (Schmidt, 1982). In distributed practice the 
duration of the interval is longer than the duration of the 
trial. Following initial practice subjects often rest and 
then transfer to the other condition. Results have 
consistently shown that massed—distributed practice effects 
in motor learning are merely performance related and do not 
affect learning or retention (e.g. Adams, 1987; Adams & 
Reynolds, 1958; Dunham, 1976; Schmidt, 1982; Stelmach, 1969; 
Whitley, 1970).
The massed-distributed practice effect in motor skills 
is only related to the spacing effect in that presentations 
of a to-be-learned skill are either massed or spaced apart 
based on time. The differences in the spacing of repetitions 
and massed-distributed practice paradigms may explain the 
differences in results. First, spacing of repetitions 
focuses on STOW while massed-distributed practice occurs in a
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motor learning paradigm {i.e. long term marory). Second, 
subjects in the massed-distributed practice paradigm receive 
nany more trials than the subjects in the spacing of 
repetitions situation. Third, in the spacing of repetitions 
paradigm the subjects do not receive any information other 
than proprioceptive feedback during performance of the trial. 
In the massed-distributed practice situation proprioceptive 
feedback as well as knowledge about the performance outcome 
is readily available to the subject. Fourth, the subjects 
learn only one response in the motor learning 
nassed-distributed practice situation.
Retention results similar to those in massed-distributed 
practice studies were obtained by Magill et al. (1987) using 
a miltiple trial spacing paradigm. Subjects received a total 
of 30 acquisition trials at a sinple motor task. Two related 
motor tasks, cognitive activity, or a 20 s empty interval 
intervened between trials at the goal task in the spaced 
conditions. in these conditions the subjects were unaware 
for which task they would receive the retention test. Magill 
et al. showed that intervening related activities 
deteriorated acquisition performance on the goal task, but 
retention performance was similar for all conditions 
regardless of the kind of intervening activity.
These results seem to suggest that rmltiple trials 
spacing of repetitions and massed-distributed practice of 
motor skills have similar effects on retention performance,
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even though acquisition performance nay be affected 
differently. This suggests that spacing of repetitions and 
m a s s e d —distributed practice of nultiple trials in motor skill 
learning describe a similar phenomenon.
However, subjects in the spaced conditions in the Magill 
et al. (1987) experiments performed significantly better than 
subjects in the immediate repetitions condition during 
transfer perfornonce on a novel task. Regardless of the 
intervening activity, subjects in the spaced conditions 
performed with less error than the non-spaoed conditions on a 
related novel transfer task. Whether this effect makes 
multiple trial spacing of repetitions unique cannot presently 
be addressed, because experiments using the traditional 
massed-distributed practice paradigm have all failed to test 
performance on a novel, related task. Future research will 
have to show whether distributed practice also leads to 
inproved novel transfer performance before we can equate the 
multiple trial spacing and massed-distributed practice 
effects. Currently, a distinction should be maintained. The 
multiple trial spacing effect in motor learning refers to a 
benefit in performance during a novel, but related transfer 
task for spaced acquisition conditions only, regardless of 
the type of intervening activity. The massed—distributed 
practice effect, then, refers to the deficit in acquisition 
performance for massed practice conditions that is eliminated
64
following a rest period ccnpared to the distributed practice 
conditions.
Theoretical Explanations of the Spacing 
Effect
Although the spacing effect in verbal learning has been 
very general and robust, a variety of theoretical 
explanations has been brought forward by researchers. In the 
following dicussion I will focus on these theories.
Total Time Law
According to several researchers (Bugelski, 1962;
Cooper & Pantle, 1967), the degree bo which an item can be 
recalled is a direct function of the total study time 
afforded. Succesfull recall was argued to be independent of 
how study time is distributed among short, frequent exposures 
or long, infrequent ones. However, spacing of repetitions 
studies showed that with equal amounts of study time spaced 
repetitions were more beneficial for retention. This law was 
clearly unable to explain any of the distribution of practice 
effects. Similarly, the presence of the contextual 
interference effect in motor learning (e.g. Lee & Magill, 
1983; Shea & Morgan, 1978) argues against this theory. 
Subjects in the random and blocked conditions received the 
same number of acquisition trials per task. However, 
subjects in the random condition performed better during the
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retention test than subjects in the blocked condition. 
Therefore, this theory must be rejected as a ccrnplete theory 
of manory.
Strength Hypothesis
Morton (1968) argued that there is a single manory trace 
corresponding to an event whose strength increases with each 
subsequent repetition. When repetitions are spaced the 
strength of the trace diminishes leading to decreased 
retention performance. When repetitions are close together 
the strength of the trace builds and retention performance 
increases. These predictions are contrary to the findings of 
the spacing of repetition and contextual interference studies 
in motor learning in that distribution of presentations 
consistently results in better performance than 
non-distributed presentations. Therefore, this theory should 
be rejected as an adequate explanation of memory.
Encoding Variability Theories
Semantic Variability. This explanation focuses on the 
fact that most words can be interpreted in more ways than 
one. The spacing effect is attributed to the greater 
likelihood that different serantic interpretations are 
assigned to an item at longer spacing intervals. Support for 
this interpretation came from the studies that used the 
homograph (i.e. a word that can have different semantic 
meanings) (Gartnon & Johnson, 1972; Madigan, 1969). These
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studies showed that changing the meaning of a homograph on 
its repetition led to an attenuation of the spacing effect. 
Although it may have been possible that surface structures 
(i.e. the way the sentence is constructed) influenced the 
senentic interpretations of sentences (Geiselnran & Bellezza, 
1976, 1977), Dellerosa and Bourne’s (1985) study showed that 
keeping semantics constant and varying surface structures 
also led to attenuation of the spacing effect in massed 
repetition conditions. They hypothesized that the decision 
by the subjects to reprocess the previous presentation 
depended primarily on the surface structure matches.
Problems with the use of homographs have been identified 
(Madigan, 1969; Gartman & Johnson, 1972; Slamecka & Bar lew, 
1979; Dellerosa and Bourne, 1985). Hintnran (1976) argued, 
based on work by Bellezza, Winkler, and Adrasik (1972) and 
Johnston and Uhl (1976), that recognition of an item as a 
repetition during the second presentation may be a 
prerequisite of the spacing effect. Moreover, when 
D ’Agostino and DeRemer (1973) forced subjects to use the same 
encoding on both presentations, the lag effect dissapeared 
but the spacing effect remained. This suggested that the 
spacing effect may not be due to variable semantic encodings. 
Finally, the semantic variability hypothesis was unable to 
explain the effect of spacing cn judgments of frequency. 
Ehipirical evidence (Hintzman, 1974: Rowe, 1973) shewed that 
different semantic encodings of a repeated item lowered the
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judged frequency rather than raising it. This suggested that 
consistent encoding led to high frequency judgments rather 
than variable encoding.
Senantic Feature Variability. In this theory words are 
conceived as nonexhaustive sets of semantic features. Recall 
is considered a function of the number of features activated 
(Dellerosa & Bourne, 1985). This explanation of the spacing 
effect attributes it to the greater likelihood that different 
features of word representation wil be activated after longer 
lags than after shorter lags. A study by McFarland, Rhodes, 
and Frey (1979) showed attenuation of the spacing effect when 
words were repeated in contexts that projected different 
semantic features relative to contexts that projected the 
same semantic features. Repeating wards that highlighted 
different nonsemantic features as opposed to the same 
nonsesnantic features did not attenuate the spacing effect. 
Dellerosa and Bourne (1985) also shewed that the spacing 
effect was only observed if words received maintenance 
processing (see also Elmes & Bjork, 1975; Jacoby, 1978; Cuddy 
& Jacoby, 1982). If either or both presentations received 
elaborative processing the spacing effect was attenuated. 
According to Dellerosa and Bourne, the results of Elmes and 
Bjork (1975) suggested that in normal conditions at least one 
of the massed presentations received inadequate processing. 
The results of Dellerosa and Bourne (1985) were consistent
68
with the semantic feature variability theory but also with 
the deficient processing theory which will be discussed later 
in this review. No evidence is currently available that 
rejects the semantic feature variability hypothesis, although 
support for other theories has been stronger.
Contextual Variability. Contextual variability theories 
are based on Anderson and Bower’s (1972, 1974) contention 
that "... individual items get learned against a background 
of flawing contextual events, the daydreams, distractions, 
interoceptive and exteroceptive cues, and task-relevant 
thought that occurs during input of a list.” (Crc**3er, 1976, 
p. 289). According to this view, the spacing effect is due 
to the increased number of contextual elements that are 
stored when presentations are spaced. The more different 
contextual associations are present in memory, the larger the 
chance of increased recall, recognition, or frequency 
judgments.
A demonstration that induced contextual variability 
eliminated the spacing effect would have been the most 
convincing evidence for this hypothesis. However, switching 
modalities between the first and second presentation 
(Hintzman, Block, & Summers, 1973; Wells & Kirsner, 1974), 
incentive signals (Hintzman, Sumners, & Block, 1975a), and 
orienting tasks (Shaughnessy, 1976) failed to affect the 
spacing effect and did not support the contextual variability
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hypothesis. Moreover, results toy Dellerosa and Bourne (1985) 
and others (e.g. Postman & Knecht, 1983) rejected this 
theory.
Although it seems difficult to apply this type of 
explanation to motor skill learning, the idea of context 
effects on skill learning is valuable. Studies in other 
areas suggest that environmental context can play a 
substantial role in memory performance (Rouse & Hunt, 1984; 
Battig, 1972). This suggests that if the context in which a 
motor skill is practiced is purposefully changed using the 
environmental, personal, and situational (e.g. practice or 
contest) conditions, learning and memory for a skill rray be 
facilitated. Indirect support for this contention has been 
provided by studies that examined the effect of contextual 
interference within a to-be-learned skill (e.g. Goode & 
Magill, 1986; Lee & Magill, 1983; Shea & Morgan, 1978). In 
addition, studies concerning the acquisition-test 
relationship have also shown the importance of the learning 
and test contexts on test performance (Lee, 1985; Newell 6. 
Shapiro, 1976; Schmidt & Young, 1986).
Corponent Levels Theory. Glenberg's (1979) ccnponent 
levels theory assumed that increases in spacing between 
repetitions led to greater variability of encoding. This 
variability could occur at any of three levels of information 
about the event: contextual ocnponents, associative
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(structural) ocnponents, and descriptive components. Hie 
contextual ccrrponents include information such as the 
characteristics of the physical environment, the time, and 
the learner's cognitive and affective state. Contextual 
ccrrponents are encoded automatically and can influence the 
encodings of the other components included in the trace. The 
associative or structural components represent the structure 
that the subject imposes on the individual events. That is, 
which items are associated, grouped, and organized into 
chunks. These components depend on the control processes 
used by the subject. The descriptive components include 
information about articulation, orthography, and meaning. 
These ccrrponents are copied from semantic memory and their 
inclusion depends on the control processes of the subject.
In this theory remembering an event depends on tl c 
degree of matching between the encoded traces at any 
ccnponent level and the ccrrponents present in the contextual 
cues at the time of recall or recognition. The greater the 
match, the better the recall or recognition.
Rose (1980) identified two serious problems with this 
theory. First, the theory couldn't explain the higher mean 
judgment frequencies found with repeated encodings in Rose's 
and other studies (e.g. Hintzman & Stem, 1978). Moreover, 
variable encoding theory predicts that the probability of 
remembering at least one of two different words (each 
presented once) should increase over spacing (Ross &
71
degree of encoding similarity necessary for spacing to have 
an effect" (p. 550).
Deficient Processing Theories
Consolidation. Hintzman (1974) defined consolidation as 
"...an autonomous increase over time in the retrievability of 
a marory trace, taking place independently of the physical 
presence of the stimulus the trace represents" (p. 81). The 
explanation offered for the poorer retention performance of 
massed practice conditions was that the consolidation of the 
trace for the first presentation in long term memory (LTM) 
had not been completed and was interrupted by the second 
presentation. This was assumed to result in less total 
consolidation and poorer retention. A consolidation 
explanation was not favored by researchers in the early 
seventies because it was difficult to confirm the existence 
of the process and the Zeitgeist at the time emphasized 
voluntary control (Hintzman, 1974). In addition, empirical 
evidence against this hypothesis was presented by Hintzman, 
Block, and Sumners (1973). They tagged the first and second 
presentation with either the same or different modality and 
used four different spacing intervals. In the conditions 
where the two modalities were different, later retrieval of 
the modality of the second presentation suffered from
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repetitions at short lags but retrieval of the modality of 
first presentation was unaffected.
Further evidence against a consolidation hypothesis was 
reported by Bjork and Allen (1970). In their experiment a 
relatively easy or difficult distractor task followed the 
first presentation. Following the second presentation and 
preceding the retention test was a distractor task of 
intermediate difficulty. According to the consolidation 
hypothesis, the more difficult distractor task should have 
prevented consolidation and retention should have been poorer 
than in the easy distractor task. However, subjects in the 
condition with the difficult distractor task performed better 
on the retention test. Tzeng (1973), Robbins and Wise 
(1972), and Proctor (1980) found similar results.
A study by Elmes, Greener, and Wilkinson (1972) al30 
provided evidence against the consolidation hypothesis in 
that the findings suggested that the second presentation was 
the locus of differential processing. Hintzman (1974) argued 
that a consolidation theory could still explain the spacing 
effect if one assumed that ongoing consolidation of the first 
presentation blocked consolidation of the second, and that 
the consolidation of the long-term trace was independent of 
the strength and quality of the short term trace. It seems 
that the lack of support, rather than the evidence against 
it, makes it difficult to accept the consolidation 
hypothesis.
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Rehearsal. Atkinson and Shiffrin (1968) suggested that 
when the interpresentation lag is long, there is more total 
rehearsal for a repeated item than when the interpresentation 
lag is short. According to Hintzman (1974) this notion is 
different from the consolidation hypothesis in that it 
assumes that the processing of information is under voluntary 
control of the subjects. More rehearsal was assumed to take 
place if the second presentation occurred when the first 
presentation was no longer being rehearsed. Therefore, longer 
spacing intervals led to better retention performance.
Rundus (1973) attributed the spacing effect to more 
voluntary rehearsal of the first presentation during the 
longer spacing intervals. However, there is considerable 
evidence against a voluntary rehearsal hypothesis (e.g. 
Hintzman et al., 1973; Bjork & Allen, 1970; Tzeng, 1973; 
Hintzman & Rogers, 1973). These studies manipulated the 
possibility of rehearsal but did not shew the effect on 
retention that the theory predicted.
Habituation. The habituation-recovery hypothesis 
(Hintzman, 1974) suggests that the nervous system can not 
fully encode the second presentation when the spacing 
interval is short. When the subject ceases to pay attention 
to the first presentation the process responsible for the 
encoding of each presentation recovers. As long as the 
subjects pays attention to the first presentation this
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process will habituate for this presentation and the second 
presentation can not be encoded. Hintzman et al. (1975b) 
manipulated the duration of first presentation and the number 
of presentations but failed to shew the predicted effects.
This theory appears to be inconsistent with data 
available. Several studies have shown that massed 
presentations of identical items lead to faster reaction 
times (RT) on the second presentation (Bertelson, 1963; 
Fischler & Goodnan, 1978; Keele, 1969; Neely,1977; Ftosner & 
Snyder, 1975). If the encoding process still habituates for 
the first presentation while the second presentation occurs 
one would not expect faster RT for the second presentation. 
However, if FT measures are irrelevant and the habituation 
hypothesis is only concerned with deliberate encoding 
processes, the theory is unable to account for the spacing 
effect in incidental learning (McFarland, Rhodes, and Frey 
1979; Rose, 1980; Rose and Rowe, 1976).
VolunUurj Attention. The consolidation and rehearsal 
hypothesis suggest that continued processing that occurs when 
the stimulus is no longer present produces the spacing 
effect. An alternative explanation suggested by Hintzman et 
al. (1975c) is that less attention and less processing is 
devoted to the second presentation when it directly follows 
the first. However, experimental evidence regarding the 
voluntary attention hypothesis has been mixed. Shaughnessy,
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Zintnerman, and Underwood (1972) and Elmes, et al. (1972) 
provided same support for this hypothesis. Further support 
was provided by Johnston and Uhl (1976) who showed that 
subjects' time to respond to a secondary task (i.e. audio 
signals) decreased nonotonically with nassed but not with 
spaced repetitions.
However, D'Agostino and DeRemer (1973) failed to support 
this theory using a free recall test. Results of a study by 
Elmes, Sanders, and Dovel (1973), using the Von Restorff 
effect, also failed to support the prediction of a voluntary 
hypothesis. They hypothesized that a more distinct item 
would be remembered better and attenuate the spacing effect. 
Similar manipulations by Hintzman et al. (1975) also failed 
to attenuate the spacing effect and did not support the 
attention hypothesis. Most damaging to this notion of 
voluntary attention as an explanation for the spacing effect 
is the fact that the spacing effect also occurs in incidental 
learning (Rowe fit Rose, 1974? Shaughnessy, 1976).
Reconstruction. Jacoby (1978) proposed that manorizing 
a to-be-remembered itan was analogous to solving a problem. 
When an item is presented for the first time certain 
operations need to be performed to increase memorability. 
Subjects may choose to create an image, form inter-item 
associations, elaborate on the item, and so forth. When the 
item is irrmediately repeated, according to Jacoby, this
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process is not repeated because the solution to the first 
presentation can be easily retrieved. When spacing between 
the first and second presentation increases, the solution to 
the first presentation can not easily be remembered and the 
subjects have to partially or conpletely resolve the problem 
and construct more elaborations. Jacoby argued that the 
means by which a solution is obtained influences subsequent 
retention performance: Retention performance suffers when the 
solution is remembered rather than being constructed. These 
contentions were largely supported in studies by Cuddy and 
Jacoby (1982), Jacoby, Craik, and Begg (1979) and Slamecka 
and Graf (1978) among others. They also showed that 
increasing task difficulty can enhance subsequent retention.
To test the reconstruction hypothesis directly Magliero 
(1983) used pupil dilation (Kahneman & Beatty, 1966), heart 
rate, and frequency judgment as dependent variables while he 
manipulated spacing of repetitions. tie hypothesized that if 
more attention was paid to the second presentation when 
presentations were spaced, pupil dilation, heart rate, and 
frequency judgments should increase. The eye dilation 
results showed larger pupil diameters when repetitions were 
spaced than when they were massed. This supported the 
deficient processing theories by Jacoby (1978) and Rose 
(1980), because larger pupil diameters on the second 
presentation suggested that the subjects perceived this 
presentation as new. The pupillary measures also suggested
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that inter item association can be formed without allocating 
effort. Magliero's results also indicated that the process 
the subjects are engaged in and not the intention to remember 
is important. Magliero suggested that another mechanism, 
unrelated to mental effort, may produce the spacing effect 
over long intervals (e.g. Glenberg and Lehmann, 1980). The 
reconstruction hypothesis present account, Magliero argued, 
may be limited to spacing lengths up to 12 s (also suggested 
by Hintzman, 1974).
Rose (1984) also tested the reconstruction hypothesis 
using frequency judgments, probability of correct 
recognition, and recall as the dependent variables. Rose 
argued that the savings in processing time should decline as 
spacing intervals increased until the processing time for the 
repetition was equal to the processing time of the initial 
presentation. The amount of reconstructive processing was 
expected to increase with the degree of spacing (i.e. 
forgetting) and because reconstructive processing facilitates 
memory, a positive correlation between the time required to 
process a repetition and later memory of the repeated item 
was also expected. The results of this study supported two 
conclusions by Cuddy and Jacoby (1982). Namely, when an itan 
was repeated in the same-question condition a large decline 
in RT for the repetition occurred, even after long spacina 
intervals. Furthermore, Rose concluded that the large 
differences in RT for repetitions in the different question
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conditions indicate that m e m o r y  for the prior presentation 
was indeed less accessible when the repetition varied in form 
from the prior. These results contradicted earlier studies 
that had rejected the reconstruction hypothesis using recall 
tests (Glenberg & Shiith, 1981; Bird, Nicholson, & Ringer, 
1978; Maskarinec & Thomson, 1976; Shaughnessy, 1976),
To further test the reconstruction hypothesis, Dellerosa 
and Bourne (1985) decided to make use of the different 
representational levels present in sentences and other 
ccrplex stimuli. Sentences were assumed to have twa types of 
information inherently present: Surface information {e.g. 
wording, modality) and semantic information (Begg, 1971; 
Kintsch, 1975) that decay at different rates, with the 
surface structure decaying fastest (e.g. Anderson & Paulson, 
1977). Dellarosa and Bourne assumed that with massed 
repetitions the surface structure of the sentence vrould still 
be present in memory during subsequent presentations. It, 
therefore, was assigned to contribute to the recognition of 
that item as a repetition, resulting in decreased processing. 
Changing the item's surface structure on the repetitions 
should make it more difficult for the subject to recognize 
the item as a repetition and lead to more processing of the 
second presentation.
Their results supported the reconstruction hypothesis. 
When a previous encoding was readily available, as in massed 
practice, full processing of the repetitions was bypassed in
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favor of simple retrieval of the previous encoding. When the 
surface structure was changed over short spacing intervals it 
did not serve to retrieve the initial encoding and better 
retention for the item resulted. Both experiments by 
Dellerosa and Bourne supported these predictions.
Dellerosa and Bourne (1985) argued that the mechanism 
responsible for the occurrence of deficient processing is the 
degree of item identification in short-term-memory mediated 
primarily by surface structure matches. When a surface 
structure match is discovered in STM, processing of one of 
the items diminishes in favor of other items. Support for 
this explanation was provided by the results of a study by 
Glanzer and Duarte (1971) that showed that repeating words in 
a differed language by bilinguals attenuated the spacing 
effect. Dellerosa and Bourne further argued that the 
difference between word recognition and recall results in 
Glenberg and anith's (1981) study can be explained by arguing 
that word recall and frequency judgments are mediated 
primarily by semantic factors, whereas word recognition may 
rely primarily on surface feature structures. In sunmary, 
the spacing effect only occurs when the second presentation 
is recognized as a repetition. When the second presentation 
is not recognized as a repetition additonal encoding 
processes are employed that render the item more memorable.
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The Verbal and Motor Dormins Corrpared
It seems necessary that in motor learning the different 
manipulations of initial learning are clearly defined. A 
growing body of errpirical research suggests that different 
manipulations of the practice schedule during initial 
acquisition of a motor skill may have substantially different 
effects on retention and novel task transfer. In addition 
evidence suggests that the different practice schedule 
effects are specific to either the verbal or the motor 
domain. For example, the spacing effect as it has been 
described in verbal learning (one or two presentations in 
immediate repetition or spaced apart) has found marginal 
support in motor learning (Marshall, Wyatt, Moore, & Signon, 
1975; Marshall, Jones, & Sheehan, 1977). Furthermore, 
distributing multiple practice trials when learning a carpi ex 
motor task has been shown to only affect performance during 
initial learning of the skill (e.g. Mams, 1987; Stelmach, 
1969; Schmidt, 1982). In addition, spacing repetitions of a 
timing task using intervening activity or time in a nultiple 
repetitions motor learning situation seems to benefit only 
transfer performance on a novel task (Magill, Meeuwsen, Lee,
& Matha^s, 1987). Finally, when practicing several skills at 
the same time, evidence suggests that a random practice 
schedules produce better retention perfonrance (Shea &
Morgan, 1978; Lee & Magill; 1983). These rranipulations stand
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in strong contrast to spacing of repetitions in verbal 
learning.
Within the motor dcmain four different effects of 
practice schedule manipulations can be identified. The 
characteristics of these effects may help to explain Why 
their retention and novel task transfer results differ frcm 
each other and those in the verbal dcnain. First, the 
spacing of repetitions paradigm used by Ftorshall, et al. 
(1975) and Marshall, et al. (1977) combined one and six or 
seven repetitions with 5 and 60 s spacings. After a 
retention interval subjects had to recall the extent of the 
movement on a linear slide. Forcing subjects to pay extra 
attention during repetitions resulted in better retention 
performance than that of subjects in control conditions 
(Marshall et al., 1977). Marshall et al. (1977) argued that 
these results provided support for a voluntary attention 
explanation of the spacing effects found in these studies. 
Besides the fact that the voluntary attention explanation has 
received strong criticism in the verbal detrain, neither of 
Marshall et al. (1975,1977) studies showed the spacing of 
repetitions function as it was described by Hintzman (1974, 
1976). That is, none of the Marshall et al. (1975) or the 
Marshall et al. (1977) studies tested for an increase in 
retention performance up to about 15 s of spacing. Their 
finding that longer spacing of a single repetition resulted
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in a retention performance decrement argues strongly against 
a possible parallel between the verbal and motor detrains-
Second, Adams (1967) stated in a comprehensive review of 
the massed—distributed practice effect in the motor detrain 
that findings of almost a century of research suggest that, 
distributing practice of a ccrplex motor skill only affects 
iirmediate performance and not motor skill learning. This 
conclusion (e.g. Dunham, 1976) ended an era in motor learning 
research.
Contrary to the results of massed-distributed practice 
research in the motor dcnein, research on the 
massed-distributed practice effect in verbal learning did 
find significant retention differences (e.g. Hinta.'an, 197C), 
The distinctions that exist between the massed-distributed 
practice and the S I W  spacing of repetitions paradigms 
discussed previously in this paper may also provide seme 
insights into how verbal learning massed-distributed practice 
differs frcm the motor learning massed-distributed practice 
effect. Again, the labels of these two phenomena suggest 
that they are similar. However, erperical findings show that 
they are very unique.
Third, the lag effect, that was first identified by 
Madigan (1969) and Melton (1970), has not been applied to 
motor learning other than in the study of Hall and Buckolz 
(1982). Hall and Buckloz did not find any effect on 
retention due to different lags, nor did they find a
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repetition effect. These results have not been replicated in 
any other motor learning studies and seem to be unique. The 
lack of a repetition effect questions the value of these 
findings. Moreover, increases in lag improve retention 
perfomence of word recall monotonically. However, the 
recall of movonent patterns on the pantograph was not 
affected. Although this is only one study on the lag effect, 
the results do suggest that there is no ccnpatibility between 
the verbal and the motor learning fields here either.
Fourth, a nultiple trials spacing paradigm was used by
Magill, et al. (1987), Up to 30 repetitions of a timing task
were used in an Immediate Repetition condition, spaced 20 s
apart, or intervened by two related motor tasks, a
non-related motor activity, or cognitive activity. The
results failed to show significant main effects for
conditions during retention performance. However,
significant differences were found during novel KR transfer
in favor of the spaced conditions. These results raise the
*
question of whether spacing of repetitions of multiple trials 
is similar to the massed-distributed practice effect, or 
whether this type of spacing of repetitions and 
massed-distributed practice are two entirely unique 
phenomena. Currently, evidence suggests that spacing of 
multiple trials and massed-distributed practice affect 
retention performance in similar ways. However, the types of 
tasks used and the fatigue factor in the original
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massed-distributed paradigm (e.g. Stelmach, 1969) suggest the 
need for future research. Future studies will have to show 
that the distribution of practice of the traditional 
massed—distributed practice tasks also facilitates novel task 
transfer performance.
Within these four areas findings are without parallel in 
the verbal learning literature and, therefore, seem to be 
specific to motor learning. It seems very unlikely that a 
verbal learning theory could completely account for the 
effects found in motor learning studies that allcw multiple 
practice trials and provide additional information in the 
form of KR (Magill et al., 1987). It has been suggested that 
the increased number of trials in motor learning and the 
presence of KR may eliminate the spacing effect. Future 
research is needed to further establish the validity of this 
suggestion.
Within the motor domain, manipulations of practice 
schedules that cause differences in retention and novel task 
transfer performance have received the same label as certain 
effects in the verbal dcmain, but are in fact very different. 
Usually, more practice trials are provided in a learning than 
in a STW1 situation. Moreover, in a learning situation the 
subjects need to ccrfcine movanent feedback with KR to develop 
a new action plan for the following presentation. In a SlbM 
situation only proprioceptive feedback is available to 
construct the next response. This information does not have
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to be retained for a longer petiod of time. It is this type 
of situation that produced the spacing effect in motor 
learning (Marshall, et al., 1975; Marshall, et al., 1977), 
Furthermore, some evidence is available that suggests that 
the use of intervening related activity to space repetitions 
in a STM“1 situation does not benefit retention performance 
(Hall & Buckolz, 1982). These findings suggest that 
consolidation of a memory trace for a movement in STM“1 may be 
facilitated by spacing, repetitions and attention, but that 
intervening related items can disrupt this consolidation 
process. To discuss this idea in more detail would go beyond 
the scope of this paper.
In a LTM motor skill situation, practice schedule 
manipulations through the spacing of miltiple trials benefit 
novel task transfer but not retention performance (e.g.
Magill et al., 1987). The reconstruction hypothesis proposed 
by Lee and Magill (1985) to account for the contextual 
interference effect in motor skill learning cannot explain 
these results. As an alternative explanation I suggest the 
following. Due to the high oonpatibility of the practice and 
test contexts in the non-spaced condition, retention test 
performance is relatively good (Lee, 1985). When repetitions 
are spaced, not cnly transfer-appropriate processing occurs, 
but the subjects are also forced to onploy procedures that 
facilitate the selection of information that is critical to 
the improvement of performance on the next trial (Kolers &
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Roediger, 1984). Maintenance processing is no longer 
adequate. Proprioceptive feedback and KR need to be combined 
before the Droprioceptive information dissipates and a 
decision about what to do on the next trial needs to be 
formulated. These procedures need to be more effective when 
the trials are spaced then when they are not spaced, because 
the critical proprioceptive feedback and the KR need to be 
adequately processed so that it can be applied to improve the 
performance on the next trial. The effectiveness of these 
procedures in the spaced conditions is reflected in the novel 
task transfer perfo’^ nance. T n  t-he non-spaced conditions the 
critical information can be adequately processed and kept in 
working memory because the next trial occurs almost 
immediately after KR is provided. The information processing 
procedures do not need to be as effective, which results in a 
performance decrement during novel task transfer (e.g. Magill 
et al., 1987).
Conclusions
Two main questions were asked in this literature review. 
First, are the spacing of repetitions and massed—distributed 
practice effects unique when a multiple trial learning 
paradigm is employed in the acquisition of a motor skill. 
Second, how ocnpatible are the verbal and motor learning 
practice schedule rranipulations and can theories based on 
findings in verbal learning be generalized to the motor
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learning effects? I discussed the different repetition 
effects in verbal learning and their explanations followed by 
a conparison of rehearsal manipulations in verbal and motor 
learning. Significant differences were identified between 
the two domains as well as between the respective paradigms 
within each detrain. Large differences exist in the 
organization of the repetitions, the naterial that is to be 
rehearsed or learned, and the manner in which the final tests 
are administered. Although different effects may be based on 
the same theoretical foundation, evidence indicates that 
explanations of, for exarrple, the spacing of repetitions and 
massed-distributed practice effects in verbal learning, in 
and by themselves cannot account for the spacing and 
massed-distributed practice effects that occur in multiple 
trial motor learning.
Adams (1983) discussed the integration of the verbal and 
motor dcrrtiins. He identified three ways in which 
qualitatively different phenomena can be integrated in 
science: Reductionism, widening the scope of theoretical 
laws, and integration of domains. According to Aiams, 
integration of dorains (i.e. dissimilarities disappear as 
similarities are found that erase them) seems to be the 
stongest determiner of scientific activity. We cannot assure 
that verbal memory and motor marory are the same a priori, 
argued Adams, but unification of dorrains occurs when 
similarities of knowledge in the domains are perceived. The
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level of knowledge in each domain needs to mature before 
similarities in knowledge will appear. Therefore, according 
to Adams, motor learning researchers should concentrate on 
variables and concepts that are significant for motor 
learning and not try to apply concepts and variables of 
verbal memory freely to experiments on motor memory.
Adams suggested that not enough research has been done 
in the motor dcmain to establish motor behavior laws and 
concepts. Motor behavior researchers should focus on the 
motor dcmain first before they try to link verbal and motor 
learning concepts and variables. The current review supports 
this argument. Instead of actually finding similarities in 
laws and concepts between the domains, motor learning 
researchers have adopted the terminology used in the verbal 
domain and applied it to motor learning phenomena, implying a 
high degree of similarity. However, empirical findings argue 
strongly against such a ocnpatibility. Moreover, this 
strategy has resulted in the adoption of theoretical 
explanations without domain spaecific information warranting 
such actions. Future research in motor skills needs to 
identify the role of cognition and its boudaries within motor 
skill acquisition and retention. With the addition of 
empirical evidence the boundaries can be more clearly defined 
and laws can be developed based on which comparisons between 
the verbal and motor domains can be made.
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Appendix B
Graphic Illustrations of Absolute Cbnstant Error, 
Variable Error, and Constant Error for Experiments 1, 2,
and 3
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Appendix C
Instructions for Each Condition in Experiment 1, 
and 3 Respectively, Diagrams of the Apparatus, and 
the Qorputer Programs for Experiment 1, 2, and 3
respectively.
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Experiment 1: Irrmediate Repetition Condition
Thank you for participating in this experiment.
The task you will be performing is a timing task. Your goal 
is to learn to execute the first secjnent of a 2-segment 
movement in 900 milliseconds (0.9 seconds) plus or minus 45 
milliseconds, and the second sequent in 1200 milliseconds 
(1.2 seconds) plus or minus 45 milliseconds. You will 
receive 5 practice trials before you will perform 30 
learning trials.
Switch 4 o o Switch 5
Switch 2 o
900 1200
Switch 1 o o Switch 3
The procedures are as follows:
1. Sit down in the chair in front of the task.
2. When,the RED warning light comes on, depress switch 1 
with the tip of your index and middle finger.
3. When the GREEN lights come on, lift your fingers off 
switch 1 when you are ready (this will start the clock).
4. Move to switch 2 in 900 milliseconds.
5. Hit switch 2. (DO NOT HOLD THIS SWITCH DOWN, JUST HIT 
IT).
6. Move to switch 3 in 1200 milliseconds and hit it.
7. The computer will now tell you how many mi 11 iseconds you 
were too fast or too slow for both segments.
8 . After you complete the 30 learning trials you will be
asked to participate in a 5 minute guessing game which
the experimenter will explain in due time.
9. Following the guessing game you will return to the 
2-segment task and perform 10 more trials without any 
information about your performance: you will need to 
remortoer your correct performances.
10. One week from today you need to acme back to perform 
the last ten trials again.
Your objectives for this experiment are:
1. learn to execute the 2 segments in the correct movement 
times, not slower and not faster.
2. Not to miss more than 10 % of the total number of 
trials. If you miss the switches on more than 3 trials
the experimenter will terminate the experiment and you
will not receive any credit points. Please, pay 
attention and be as accurate as possible.
Experiment 1: 20 s Dnpty Interval Condition 116
Thank you for participating in this experiment.
The task you will be performing is a timing task. Your goal 
is to learn to execute the first segment of a 2-segment 
movement in 900 milliseconds {0.9 seconds) plus or minus 45 
milliseconds, and the second segment in 1200 milliseconds 
{1.2 seconds) plus or minus 45 milliseconds. You will 
receive 5 practice trials before you will perform 30 
learning trials.
Switch 4 o o Switch 5
Switch 2 o
900 1200
Switch 1 o o Switch 3
The procedures are as follows.’
1. Sit down in the chair in front of the task.
2. Vvhen the RED warning light canes on, depress switch 1 
with the tip of your index and middle finger.
3. When the GREEN lights ccme on, lift your fingers off 
switch 1 when you sure ready {this will start the clock).
4. Move to switch 2 in 900 milliseconds.
5. Hit switch 2. (DO NOT HOLD THIS SWITCH DOWN, JUST HIT 
IT).
6. Move to switch 3 in 1200 milliseconds and hit it.
7. The canputer will now tell you how many milliseconds you 
were too fast or too slow for both secpnents.
8. Following this information you will not do anything but 
sit in your chair and wait for 20 seconds (you can not 
speak to the experimenter or ask any questions).
9. Following the 20 seconds you will again perform the same 
task until you have completed all of the 30 trials.
10. After you carpiete the 30 learning trials you will be 
asked to participate in a 5 minute guessing game which 
the experimenter will explain in due time.
11. Following the guessing game you will return to the 
2-segment task and perform 10 more trials without any 
information about your performance t you will need to 
remember your correct performances.
12. One week from today you need to come back to perform 
the last ten trials again.
Your objectives for this experiment are:
1. Learn to execute the 2 segnents in the correct movement 
times, not slower and not faster.
2. Not to miss more than 10 % of the total nunber of 
trials. If you miss the switches on more than 3 trials 
the experimenter will terminate the experiment and you 
will not receive any credit points. Please, pay 
attention and be as accurate as possible.
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Experiment 1: 2 Related Acitivities Condition
Thank you for participating in this experiment.
Hie tasks you will be performing are timing tasks. Your 
goal is to learn to execute the 2-segment movements in the 
times specified for each segment (see diagrams below and 
ccnpare these with the switches and light patterns in front 
of you). You will receive 5 practice trials before you will 
perform 30 learning trials on each task for 90 trials 
total. Make shure that you understand what you have to dot 1 
Ask the experimenter if you have any questions after you 
read these instructions.
o o o o o o
4 5 4 5 4 5
700 1000 500
o o o
2 2 2
900 1200 800
o o O o o o
1 3 1 3 1 3
Hie procedures are as follows:
1. Sit down in the chair in front of the task.
2. When the RED warning light comes on, depress the first 
switch of the first pattern with the tip of your index 
and middle finger .
3. When the GREEK lights come on, lift your fingers off 
switch 1 when you are ready (this will start the clock).
4. Move to switch 2 in the correct amount of time.
5. Hit the second switch. (DO NOT HOLD THIS SWITCH DOWN, 
JUST HIT IT).
6. Move to the third switch in the correct amount of time 
(see diagram) and hit it.
7. Hie oorputer will now tell you how many milliseconds you 
were too fast or too slow for both segments.
8. After you ccnplete the 30 learning trials on each 
pattern you will be asked to participate in a guessing 
game for the duration of 5 minutes. Hie experimenter 
will explain it to you in due time.
9. Following the guessing game you will return to the 
2-segment task and perform 10 more trials without any 
information about your performance: you will need to 
remember your correct performances.
10. One week fran today you need to ocme back to do the 
last 10 trials again.
Your objectives for this experiment are:
1. Learn to execute the 2 segments for each pattern in the 
specified amount of time, not slcwer and not faster.
2. Not miss more than 10 % of the total number of trials.
If you miss more than 9 trials the experimenter will 
terminate the experiment and you will not receive any 
credit points. Please, pay attention and be as accurate 
as possible.
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Experiment It Randan Condition
Thank you for participating in this experiment.
The tasks you will be per fanning are timing tasks. Your 
goal is to learn to execute the 2-sequent nuvwnents in the 
times specified for each segment (see diagrams below and 
ccxipare these with the switches and light patterns in front 
of you). You will receive 5 practice trials before you will 
perform 30 learning trials in randcm order an each task for 
90 trials total. Make shure that you understand what you 
have to dol 1 Ask the experimenter if you have any questions 
after you read these instructions.
o o o o o o
4 5 4 5 4 5
700 1000 500
o o o
2 2 2
900 1200 800
o o o o o o
1 3 1 3 1 3
The procedures are as follows:
1. Sit down in the chair in front of the task.
2. A single GREEN light will cane an indicating where you 
have to struct and which pattern you have to perform.
2. Vhen the RED warning light canes an, depress the first 
switch of the pattern in question with the tip of your 
index and middle finger.
3. When the GREEN pattern lights up, lift your fingers off 
the first switch when you are ready (this will start the 
clock).
4. Move to switch 2 in the correct amount of time.
5. Hit the second switch. (DO NOT HOLD THIS SWITCH DOWN, 
JUST HIT IT).
6. Move to the third swatch in the correct amount of time 
(see diagram) and hit it.
7. The oaiputer will now tell you how many milliseconds you 
were too fast or too slaw for both segnents.
8. After you ccrplete the 30 learning trials on each 
pattern (90 total) you will be asked to participate in a
guessing gams for the duration of 5 minutes. The 
experimenter will explain it to you in due time.
9. following the guessing game you will return to the 
2-seqpnsnt task and perform 10 more trials without any 
information about your performance: you will need to 
ramentoer your correct performances.
10. Gtie week from today you need to can back to perform the 
last 10 trials again.
Your objectives for this experiment are:
1. Learn to execute the 2 segments for each pattern in the 
specified amount of time, not slower and not faster.
2. Not miss more than 10 % of the total nunber of trials.
If you miss more than 9 trials the experimenter wall 
terminate the experiment and you will not receive any 
credit points. Please, pay attention and be as accurate 
as possible.
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Experiment 2: Immediate Repetition Condition
Thank you for participating in this experiment.
The task you will be performing is a timing task. Your 
goal is to learn to execute a 2-segment movement in 
lOSCtnilliseconds (1.05 seconds) plus or minus 45 
milliseconds You will receive 5 practice trials before you 
will perform 30 learning trials.
Switch 4 o o Switch 5
Switch 2 o 
1050
Switch 1 o o Switch 3
The procedures are as follows:
1. Sit down in the chair in front of the task.
2. When the RED warning light cones on, depress switch 1
with the tip of your index and middle finger .
3. When the GREEK lights ccme on, lift your fingers off
switch 1 when you are ready (this will start the
clock).
4. Move to switch 2.
5. Hit switch 2. (DO NOT HOLD THIS SWITCH DOWN, JUST HIT 
IT).
6. Move to switch 3 and hit it.
7. The ccnputer will now tell you how many milliseconds 
you were too fast or too slow for the novement.
S. After you ccnplete the 30 learning trials you will be 
asked to participate in a 5 minute guessing game which 
the experimenter will explain in due time.
9. Following the guessing game you will return to the 
2-secjnent task and perform 10 more trials without any 
information about your performance: you will need to 
renwitser your correct performances.
10. One week from today you will need to come back to 
perform the last ten trials again.
Your objectives for this experiment are:
1. Learn to execute the 2 sentient task in the correct 
movement time, not slower and not faster.
2. Not to miss more than 10 % of the total number of 
trials. If you miss the switches on more them 3 trials 
the experimenter will terminate the experiment and you 
will not receive any credit points. Please, pay 
attention and be as accurate as possible.
Experiment 2: 20 s Qnpty Interval Condition
Thank you for participating in this experiment.
The task you will be performing is a timing task. Your 
goal is to learn to execute a 2-segment movement in 
1050milliseconds (1.05 seconds) plus or minus 45 
milliseconds. You will receive 5 practice trials before 
you will perform 30 learning trials.
Switch 4 o o Switch 5
Switch 2 o 
1050
Switch 1 o o Switch 3
The procedures cure as follcv/s:
1. Sit down in the chair in front of the task.
2. When the RED warning light carries on, depress switch 1
with the tip of your index and middle finger.
3. When the GREEK lights came on, lift your fingers off
switch 1 when you are ready (this will start the
clock).
4. Move to switch 2.
5. Hit switch 2. (DO NOT HOLD THIS SWITCH DOWN, JUST HIT 
IT).
6 . Move to switch 3 and hit it.
7. The ocnputer will now tell you hew many milliseconds 
you were too fast or too slow for both segments.
8 . Ft>Hewing this information you will not do anything but 
sit in your chair and wait for 20 seconds (you can not 
speak to the experimenter or ask any questions).
9. Following the 20 seconds you will again perform the 
same task until you have ccrrpleted all of the 30 trials 
(keep an eye on the red light).
10. After you ccnplete the 30 learning trials you will be 
asked to participate in a 5 minute guessing game which 
the experimenter will explain in due time.
11. Following the guessing game you will return to the 
2-secynent task and perform 10 more trials without any 
information about your performance: you will need to 
remember your correct performances.
12. On week from today you will need to ocme back to 
perform the last ten trials again.
Your objectives for this experiment are:
1. Learn to execute the 2 segments in the correct movement 
times, not slower and not faster.
2. Not to miss more than 10 % of the total number of 
trials. If you miss the switches on more than 3 trials 
the experimenter will terminate the experiment and you 
will not receive any credit points. Please, pay 
attention and be as accurate as possible.
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Experiment 2: 2 Related intervening Activities Condition
Thank you for participating in this experiment.
The tasks you will be performing are timing tasks. Your 
goal is to learn to execute the 2-segment movements in the 
times specified for each movement (see diagrams be lew and 
carrpare these with the switches and light patterns in 
front of you). You will receive 5 practice trials before 
you will perform 30 learning trials on each task for 90 
trials total in the sequence displayed in the diagram 
below. Make shure that you understand what you have to 
do11 Ask the experimenter any questions after you read 
these instructions.
o o o o o o
4 5 4 5 4 5
900
o o o 1200
2 2 2
1050
0 o o o o o
1 3 1 3 1 3
The procedures are as follows:
1. Sit down in the chair in front of the task.
2. When the RED warning light ocmes on, depress the first 
switch of the first pattern with the tip of your index 
and middle finger.
3. When the GREEN lights come an, lift your fingers off
the first switch when you are ready (this will start
the clock).
4. Move to the second switch.
5. Hit the second switch. (DO NOT HOED THIS SWITCH DOWN,
JUST HIT IT).
6 . Move to the third switch and hit it.
7. The ccrrputer will now tell you how many milliseconds 
you were too fast or too slew for this task.
8 . After you oaiplete the 30 learning trials on each 
pattern you will be asked to participate in a guessing 
game for the duration of 5 minutes. The experimenter 
will explain it to you in due time.
9. Following the guessing game you will return to the 
2-segnent task and perform 10 more trials without any 
information about your performance: you will need to 
remember your correct performances.
10. One week from today you will need to cane back to 
perform the last ten trials again.
Your objectives for this experiment are:
1. Learn to execute the 2 segments for each pattern in the 
specified amount of time, not slaver and not faster.
2. Not miss more than 10 % of the total number of trials.
If you miss more than 9 trials the experimenter will
terminate the experiment and you will not receive any 
credit points. Please, pay attention and be as accurate 
as possible.
Experiment 2: Random Condition
Thank you for participating in this experiment.
The tasks you will be performing are timing tasks. Your 
goal is to leam to execute the 2-segment movements in the 
times specified for each movement (see diagrams below and 
ccnpare these with the switches and light patterns in 
front of you). You will receive 5 practice trials before 
you will perform 30 learning trials in randan order on 
each task for 90 trials total. Make shure that you 
understand what you have to doII Ask the experimenter if 
you have any questions after you read these instructions.
o o o o o o
4 5 4 5 4 5
900
o o o 1200
2 2 2
1050
0 o o o o o
1 3 1 3 1 3
The procedures are as follows:
1. Sit down in the chair in front of the task.
2. A single GREEN light will acme on indicating where you 
have to start and which pattern you have to perform.
2. When the red warning light ocmes on, depress the first 
switch of the pattern in question with the tip of your 
index and middle finger.
3. When the GREEN pattern lights up, lift your fingers off 
the first switch when you are ready (this will start 
the clock).
4. Move to switch 2.
5. Hit the second switch. (DO NOT HOLD INIS SWITCH DOWN, 
JUST HIT IT).
6. Move to the third switch (see diagram) and hit it.
7. The cctiputer will now tell you how many milliseconds 
you were too fast or too slow.
8. After you ocnplete the 30 learning trials on each 
pattern (90 total) you will be asked to participate in 
a guessing game for the duration of 5 minutes. The 
experimenter will explain it to you in due time.
9. Fallowing the guessing game you will return to the 
2-segnant task and perform 10 more trials without any 
information about your performance: you will need bo 
ranentoer your oorrect performances.
10. Che week from today you need to cane back to perform 
the last ten trials again.
Your objectives for this experiment are:
1. Learn to execute the 2 se^nents for each pattern in the 
specified amount of time, not slower and not faster.
2. Not miss nore than 10 % of the total nurtoer of trials. 
If you miss more than 9 trials the experimenter will 
terminate the experiment and you will not receive any 
credit points. Please, pay attention and be as accurate 
as possible.
Experiment 3: Intnediate Repetition Condition
Thank you for participating in this experiment.
The task you will be performing is a timing task. Your 
goal is to learn to execute the first secpnent of a 
2-segment movement in 900 milliseconds (0.9 seconds) plus 
or minus 45 milliseconds, and the second segment in 1200 
milliseconds (1.2 seconds) plus or minus 45 milliseconds. 
You will receive 5 practice trials before you will perform 
45 learning trials.
Switch 4 o o Switch 5
Switch 2 o
900 1200
Switch 1 o o Switch 3
The procedures are as follcws:
1. Sit down in the chair in front of the task.
2. When the RED warning light acmes on, depress switch 1
with the tip of your index and middle finger.
3. When the GREEN lights come on, lift your fingers off
switch 1 when you are ready (this will start the
clock).
4. Move to switch 2 in 900 milliseconds.
5. Hit switch 2. (DO NOT HOLD THIS SWITCH DOWN, JUST HIT 
IT).
6. Move to switch 3 in 1200 milliseconds and hit it.
7. The acnputer will now tell you how many milliseconds 
you were too fast or too slow for both segments.
8. After you conplete the 45 learning trials you will be 
asked to participate in a 5 minute guessing game which 
the experimenter will explain in due time.
9. Following the guessing game you will return to the 
2-segment task and perform 10 more trials without any 
information about your performance: you will need to 
remattoer your correct performances.
Your objectives for this experiment are:
1. Learn to execute the 2 segments in the correct movement 
times, not slower and not faster.
2. Not to miss more than 10 % of the total nuntoer of 
trials. If you miss the switches on more than 5 trials 
the experimenter will terminate the experiment and you 
will not receive any credit points. Please, pay 
attention and be as accurate as possible.
Experiment 3: Blocked Condition
Thank you for participating in this experiment.
The tasks you will be performing are timing tasks. Your 
goal is to learn to execute the 2-seqpient movements in the 
times specified for each se^nent (see diagrams below and 
corpare these with the switches and light patterns in 
front of you). You will receive 5 practice trials before 
you will perform 45 learning trials an each task for 135 
trials total. First, you will perform all trials on one 
task followed by a 1 minute rest. Then you will perform 
all trials on the second followed by 1 minute rest and all 
trials on the third. Make shure that you understand what 
you have to dol 1 Ask the experimenter if you have any 
questions after you read these instructions.
o o o o o o
4 5 4 5 4 5
700 1000 500
o o o
2 2 2
900 1200 800
0 o o o o o
1 3 1 3 1 3
The procedures are as follows:
1. Sit down in the chair in front of the task.
2. When the BED warning light acmes on, depress the first 
switch of the first pattern with the tip of your index 
and middle finger .
3. When the GREEN lights acme an, lift your fingers off 
switch 1 when you are ready (this wall start the 
clock).
4. Move to switch 2 in the correct amount of time.
5. Hit the second switch. (DO NOT HOLD THIS SWITCH D0WI, 
JUST HIT IT).
6. Move to the third switch in the correct amount of time 
(see diagram) and hit it.
7. The ocxrputer will now tell you how many milliseconds 
you were too fast or too slow for both segments.
8. After you complete the 45 learning trials an each 
pattern, you will perform 10 trials at the same pattern 
without any information from the ccxputer. following 
these 10 trials you will receive 1 minute rest before 
you will start practice on the next pattern.
8 . After you ocrplete all learning trials on each 
pattern you will be asked to participate in a guessing 
game for the duration of 5 minutes. The experimenter 
will explain it to you in due time.
9. following the guessing game you wiil return to the 
2-secpnent task and again perform 10 more trials on each 
pattern without any information about your performance. 
You need to rennber your correct performances.
Your objectives for this experiment are:
1. Learn to execute the 2 segments for each pattern in the 
specified amount of time, not slower and not faster.
2. Not miss more than 10 % of the total number of trials. 
If you miss more than 15 trials the experimenter wall 
terminate the experiment and you wall not receive any 
credit points. Please, pay attention and be accurate.
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Experiment 3: Blocked- Imnadiate Retention condition 125
Thank you for participating in this experiment.
Hie tasks you will be performing are timing tasks. Your 
goal is to learn to execute the 2-segment movements in the 
times specified for each segnent (see diagrams below and 
cctnpare these with the switches and lic^ it patterns in 
front of you). You will receive 5 practice trials before 
you will perform 45 learning trials an each task for 135 
trials total. First, you will perform all trials on one 
task followed by a 1 minute rest. Then you will perform 
all trials on the second follc*red by 1 minute rest and all 
trials an the third. Make shure that you understand what 
you have to dol I Ask the experimenter if you have any 
questions after you read these instructions.
o o o o o o
4 5 4 5 4 5
700 1000 500
o o o
2 2 2
900 1200 800
0 o o o o o
1 3 1 3 1 3
The procedures are as follows:
1. Sit down in the chair in front of the task.
2. When the RED warning light aomes on, depress the first 
switch of the first pattern with the tip of your index 
and middle finger .
3. When the GREEN lights came on, lift your fingers off 
switch 1 when you are ready {this will start the 
clock).
4. Move to a^itch 2 in the correct amount of time.
5. Hit the second switch. (DO NOT HOLD THIS atflTCH DCWN, 
JUST HIT IT).
6 . Move to the third switch in the oorrect amount of time 
(see diagram) and hit it.
7. The corputer will now tell you how many milliseconds 
you were too fast or too slow for both segnents.
8 . After you ocnplete the 45 learning trials on each 
pattern, you will receive 1 minute rest before you 
will start practice on the next pattern.
9. After you oarplebe all learning trials on each 
pattern you will be asked to participate in a guessing 
gams for the duration of 5 minutes. The experimenter 
will explain it to you in due time.
10. Following the guessing game you wiil return to the 
2-secfiwnt task and again perform 10 more trials on each 
pattern without any information about your performance. 
You need to remenber your correct performances.
Your objectives for this experiment are:
1. Learn to execute the 2 segments for each pattern in the 
specified amount of time, not slcwer and not faster.
2. Not miss more than 10 ' of the total number of trials. 
If you miss more them 15 trials the experimenter will 
terminate the experiment and you will not receive any 
credit points. Please, pay attention and be as accurate 
as possible.
Experiment 3: Random Condition 126
Thank you for participating in this experiment.
The tasks you will be performing are timing tasks. Your 
goal is to learn to execute the 2-segment movements in the 
times specified for each secjnent (see diagrams below and 
compare these with the switches and light patterns in 
front of you). You will receive 5 practice trials before 
you will perform 45 learning trials in random order on 
each task for 135trials total. Following each set of 45 
trials there will be a 1 minute rest. Make shure that you 
understand what you have to dol i Ask the experimenter if 
you have any questions after you read these instructions.
o o o o o o
4 5 4 5 4 5
700 1000 500
o o o
2 2 2
900 1200 800
0 o o o o o
1 3 1 3 1 3
The procedures are as follews:
1. Sit down in the chair in front of the task.
2. A single GREEN light will ocme on indicating where you 
have to start and which pattern you have to perform.
2. When the RED warning light acmes on, depress the first 
switch of the pattern in question with the tip of your 
index and middle finger.
3. When the GREEN pattern lights 140, lift your fingers off 
the first switch when you are ready (this wall start 
the clock).
4. Move to switch 2 in the correct amount of time.
5. Hit the second switch. (DO NOT HOLD THIS SWITCH D0MJ, 
JUST HIT IT).
6. Move to the third switch in the correct amount of time 
(see diagram) and hit it.
7. The computer will now tell you how many milliseconds 
you were too fast or too slew for both segments.
8. Look for the GRETN light to tell where to start next.
9. After you acnplete the 45 learning trials an each 
pattern (135 total) you vdll be asked to participate in 
a guessing game for the duration of 5 minutes. The 
experimenter will explain it to you in due time.
10. FbHewing the guessing game you wall return to the 
2-secpnsnt task and perform 10 more trials without any 
information about your performance: you wall need to 
remember your correct performances.
Your objectives for this experiment are;
1. Learn to execute the 2 secjrents for each pattern in the 
specified amount of time, not slower and not faster.
2. Not miss more than 10 % of the total number of trials. 
If you miss more than 9 trials the experimenter will 
terminate the experiment and you wall not receive any 
credit points. Please, pay attention and be as accurate 
as possible.
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Computer Program for Experiment 1
1 REM » * • • * # • » • • * * * * * • • * * • * • * * *
2  REM •  THE V A R IA B L ES •
3  REM *  E R i I S  THERE A ERROR IN
TIM E
4  REM *  P F i  P R IN T  THE TIM E Y - l  ,N
"0
3  REM *  XVt TO S P E C IP V  THE C R IT E  
R IA  TIM E
7  REM V E R S IO N  3  COMPLETE
D 2 / 2 3 / 8 7
8  REM UPDATE V E R SIO N  3 8  COM
PUETED 3 / 4 / 8 7  
1 0  REM * * * * * * * * * * * * * * * * * * * * * * * * *
• ••••
9 0  P R IN T  CHR* ( 4 > |" N O M O N I ,0 ,C "
1 0 0  REM I N I T I A L I Z E  THE IN PU T 
1 1 0  DIM  A U 2 1  , 0 )  , T R ( 1 4 0 )  ,T 4  ( 3 , 2 )
, T P ( 4 , 2 ) , T C ( 6 * 3 )
1 2 0  SLO T -  4
1 3 0  REM I N I T  THE I / O  BOARD 
1 4 0  P E  “  4 9 3 3 2 i P O  -  4 9 3 2 8 I POKE P  
0  ♦ 1 , 0 1  POKE P O , 2 3 3 1 POKE P  
0  + 1 , 4 i  POKE P O ,0  
1 3 0  POKE P E  + 1 ,0 1  POKE P E , 01 POKE 
P E  *  1 , 4  
2 8 0  T P ( 1 , 1 )  -  9 0 0  
2 0 2  TP ( 1 , 2 )  -  1 2 0 0  
2 0 4  T P ( 2 , 1 )  -  7 0 0  
2 0 0  T P  ( 2 , 2 )  -  1 0 0 0  
2 0 8  T P(3,1) -  300 
2 1 0  T P ( 3 , 2> “  800 
2 1 2  T P ( 4 , 1 )  -  300 
2 1 4  T P ( 4 , 2 )  -  400 
2 3 0  T C ( 1 , 1 1  -  4 3
2 3 2  T C ( 2 , 1 )  -  4 3  
2 3 4  T C ( 3 , 1 )  -  4 3
2 3 3  T C ( 4 , 1 )  -  4 3
2 3 4  T C ( 2 , 2 1  -  3 3
2 3 7  T C ( 3 , 2 )  -  3 3
2 3 8  T C ( 4 , 2 )  -  3 3  
2 4 0  T C ( 2 , 3 )  -  2 3  
2 4 2  T C < 3 ,3 >  -  2 3  
2 4 4  T C ( 4 ,3 >  -  2 3  
2 4 0  T 9 1 1 , 1 )  -  2  
2 4 8  T 9 ( l , 2 )  •  1 4 2  
2 3 0  T 9 1 2 . l l  -  1 4  
2 3 2  T 9 1 2 . 2 )  -  1 0 0  
2 3 4  T 9 1 3 . l l  •  3 2  
2 3 0  T 9 1 3 , 2 )  »  1 7 2
900 HOME I VTAB ( 7 ) i  P R IN T  "
IN P U T  THE NAME OF THE SUB 
J E C T "
9 0 3  P R IN T  “ DO NOT START T
HE NAME W ITH 1 - 9 "
9 1 0  IN PU T S N *» I F  S N *  -  " "  THEN 
900
9 1 3  VTAB ( l l ) t  P R IN T  "S U B JE C T  ID
m
9 1 0  IN PU T  I D i  I F  ( I D  < 1> OR ( I D  
> 1000) THEN 9 1 0  
9 2 0  N * -  “ Y"
1 0 0 0  REM START THE EX PERIM EN T 
1 0 1 0  HOME t VTAB ( 9 ) 1  P R IN T  "MHA 
T C O N D IT IO N  I S  WANTED 1 - 4 "  
1 0 2 0  IN PU T Wt I F  <W < 1 )  OR (H > 
4 )  THEN GOTO 1 0 1 0  
1 0 2 3  OD “  0
1 0 3 0  ON W GOSUB 3 0 0 0 , 3 2 0 0 , 3 4 0 0 , 0
AMWWW
1 2 0 0  END
1 7 9 0  REM
1 7 9 1  REM
1 7 9 2  REM
1 7 9 3  REM
1 B 0 0  REM * * • • * • • * * * • • * • • • • • • * ■ * *
1B 01 REM * *
1 8 0 2  REM *  STO R E THE DATA *
1 8 0 3  REM *  *
1 8 0 4  REM * * * * * * * * * * * * * * * * * * * * * *
1 8 0 5  I F  N* «  "N "  THEN GOTO 1 9 0 0
1 8 0 6  P R IN T  CH R * ( 4 )
1 8 1 0  P R IN T  CHR* ( 4 ) |" O P E N " ! S N *  
1 S 2 0  P R IN T  CHR* ( 4 ) | “ W R IT E " iS N *
1 0 3 0  FOR Z I  -  YYY TO XXX 
1 8 4 0  P R IN T  A ( Z I , 1 > ) “ " I A ( Z I , 2
)|“ "iA(ZI, 3 ) “t A (Z1
, 4  > ) ” " | A ( Z I , 3 ) 1 "  " |  At
Z I ,  6  > |  ” " | A ( Z I , 7 M "
A < Z I , S )
1 8 5 0  NEXT Z I
I 8 6 0  P R IN T  CHR* < 4 > |" C L O S E " |9 N *
1 8 7 0  RETURN
1 8 9 0  REM
1 8 9 1  REM
1 8 9 2  REM
1 9 0 0  REM UPDATE AN OLD F I L E  
1 9 0 3  P R IN T  t P R IN T  t P R IN T  CHR*
( 4 )
1 9 1 0  P R I N T  CHR* ( 4 ) | “ APPEND " | S  
N*
1 9 2 0  P R IN T  CHR* < 4 > |" W R I T E " |S N *
1 9 3 0  FOR Z I -  YYY TO XXX 
1 9 4 0  P R IN T  A ( Z I , 1 ) | "  " t A ( Z I , 2
) I "  " I A <Z I , 3 ) ) ” " | A ( Z I
, 4 ) | " " | A ( Z I , 3 ) | "  “ I A (
Z I , 6  > ) “ " | A ( Z 1 , 7 ) " !
A ( Z I , 8 )
1 9 3 0  NEXT Z I
1 9 6 0  P R IN T  CH R * ( 4 > » “ C L O S E "* S N *
1 9 7 0  RETURN 
1 9 9 3  REM
1 9 9 6  REM
1 9 9 7  REM
1 9 9 8  REM
1 9 9 9  END
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2 0 0 0 m e n  * * * * * * * * * * * * * * * * * * * * * * 4 3 0 7 XY -  3
2 M 1 REM •  * 4 3 0 8 I F  H  ■ 4  THEN 4 3 3 0
2 N 2 REM •  SUBRO U TIN E TO REAO * 4 3 1 0 POKE P O , 1
2 M 3 REM *  T «  TIM E FROM THE * 4 3 2 0 FOR W  -  I TO 1 2 0 0 1  NEXT W
2 0 0 4 REM *  CLOCK *
2 0 0 9 REM *  * 4 3 3 0 POKE P O , 0
2 0 0 6 REM • * • * • • * * * ♦ » * • • • • * • • • * » 4 3 4 0 FOR W  -  1 TO 1 2 0 0 1  NEXT W
2 0 0 7 P R IN T  CHR* ( 4 )
2 0 1 0 P R IN T  CHR* ( 4 ) » " I N # " |S L 0 T 4 3 3 0 POKE P O , 1 7 2 I GOSUB 2 0 0 0 1 T l *
2 0 2 0 P R IN T  CH R* ( 4 ) t " P R * " tS L O T -  T*
2 0 3 0 IN PU T " " | T * 4 3 6 0 I F  PEEK (P E )  -  2 3 9  THEN 4 3
2 0 4 0 P R IN T  CH R* ( 4 ) | “ I N # 0 " 6 0
2 0 9 0 P R IN T  CH R * ( 4 > | “ P R * 0 “ 4 3 7 0 GOSUB 2 0 0 0 1 T 2 *  -  T*
2 0 6 0 RETURN 4 3 8 0 I F  PEEK (PE >  < > 2 3 3  THEN
2 9 9 0 REM 4 3 8 0
2 9 9 1 REM 4 3 9 0 GOSUB 2 0 0 0 1 T 3 *  -  T *
2 9 9 2 REM 4 4 0 0 I F  PEEK  < P E > < > 2 3 1  THEN
3 0 0 0 REM CALCULATE THE INTEGER 4 4 0 0
TIM E 4 4 1 0 GOSUB 2 0 0 0 1 T 4 *  -  T *
3 0 2 0 H -  VAL ( M IO * ( T * , 7 , 2 > > 4 4 1 3 POKE P O , 0
3 0 3 0 M -  VAL < M ID * < T * , 1 0 , 2 ) ) 4 4 2 0 r e t u r n
3 0 4 0 S  -  VAL < M ID * ( T * . 1 3 , 6 1 ) 4 4 3 0 REM
3 0 3 0 REM F IN D  THE SECONDS TO DA 4 4 4 0 REM
TE 4 3 0 0 REM • • • • • • * • • • * • • * • * • • • * * •
3 0 6 0 STD  -  H *  3 6 0 0  * M * 6 0  + S 4 3 0 1 REM * •
3 0 7 0 RETURN 4 3 0 2 REM •  SU B RO U TIN E FOR •
3 9 9 0 REM 4 3 0 3 REM •  L IG H T  SEQUENCE 4 2 3 »
3 9 9 1 REM 4 5 0 4 REM * •
3 9 9 2 REM 4 3 0 3 REM • • * * • • • • » • * * * • * • • • * • • •
4 0 0 0 REM * * * * * * * * * * * * * * * * * * * * * * 4 5 0 7 XY -  2
4 0 0 1 REM *  * 4 3 0 8 I F  M -  4  THEN 4 3 3 0
4 0 0 2 REM •  SU B RO U TIN E FOR » 4 3 1 0 POKE P O , 1
4 0 0 3 REM •  L IG H T  SEQUENCE 1 2 3  • 4 3 2 0 FOR W  -  1 TO 1 2 0 0 1  NEXT W
4 0 0 4 REM *  *
4 0 0 9 4 3 3 0 POKE P O , 0
4 0 1 0 XY -  1 4 3 4 0 FOR W  -  1 TO 1 2 0 0 1  NEXT w
4 0 2 0 I F  W -  4  THEN 4 1 4 0
4 1 0 0 POKE P O , l l  REM TURN ON THE 4 3 3 0 POKE P O , 1 8 0 t  GOSUB 2 0 0 0 1 T l *
L IG H T -  T *
4 1 1 0 FOR W  *  1 TO 1 2 0 0 1  NEXT W 4 3 6 0 I F  PEE K  (P E )  -  2 4 7  THEN 
6 0
4 3
4 1 2 0 POKE P O , 0 i  REM TURN L IG H T 4 3 7 0 GOSUB 2 0 0 0 1 T 2 *  -  T *
O FF 4 3 8 0 I F  PEE K  CPE) < > 2 3 3  THEN
4 1 3 0 FOR VV -  1 TO 1 2 0 0 1  NEXT VV
4 3 9 0
4 3 8 0
GOSUB 2 0 0 0 1 T 3 *  -  T*
4 1 4 0 POKE P O , 1 4 2 l  QOSUB 2 0 0 0 1 T l * 4 6 0 0 I F  PEE K  (P E >  < > 2 3 9  THEN
-  T * 4 6 0 0
4 1 3 0 I F  P E E K  ( P E )  -  2 3 4  THEN 41 4 6 1 0 GOSUB 2 0 0 0 1 T 4 *  -  T *
3 0 4 6 1 9 POKE P O , 0
4 1 6 0 BOSUB 2 0 0 0 1 T 2 *  -  T * 4 6 2 0 RETURN
4 1 7 0 I F  P E E K  ( P E > < > 2 3 3  THEN 4 6 7 0 REM
GOTO 4 1 7 0 4 6 8 0 REM
4 1 0 0 BOSUB 20001T 3 *  -  T * 4 6 9 0 REM
4 1 9 0 I F  PE E K  ( P E )  < > 2 3 1  THEN 4 7 0 0 REM * * * * * * * * * * * * * * * * * * * * 1
4 1 9 0 4 7 0 1 REM • *
4 2 0 0 GOSU0 2 0 0 0 1 T 4 *  -  T * 4 7 0 2 REM •  SU B R O U TIN E FOR •
4 2 1 0 POKE P O ,S 4 7 0 3 REM •  L IG H T  SEQUENCE 1 2 3 •
4 2 8 9 RETURN 4 7 0 4 REM • •
4 2 9 0 REM 4 7 0 9 REM * * * * * * * * * * * * * * * * * * * * * *
4 2 9 1 REM 4 7 0 7 XY -  4
4 3 0 0 REM • * * • * • • • * * * • * * • * * • * * * * 4 7 0 8 I F  N -  4  THEN 4 7 3 0
4 3 0 1 REM *  * 4 7 1 0 POKE P O , 1
4 3 0 2 REM *  SU B RO U TIN E FOR • 4 7 2 0 FOR VV -  1 TO 1 2 0 0 1  NEXT W
4 3 0 3 REM •  L IG H T  SEQUENCE 3 2 3  •
4 3 0 4 REM *  * 4 7 3 0 POKE P O .0
4 3 0 3 REM * * * * * * * * * * * * * * * * * * * * * * 4 7 4 0 FOR W  ■ 1 TO 1 2 0 0 1  NEXT vv
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4 7 3 a POKE P O , 166l GOSUB 2 0 0 0 *  T 1 * 3 2 6 0 ON EW 8O 0U B  4 0 0 0 , 4 3 0 0 , 4 3 0 0
-  T * 3 2 7 0 QOSUB 7 0 B 0 I  I F  ( E l  > 0 )  OR
4 7 6 * I F  PECK (PtE) -  2 3 4  THEN 4 7 (E 2  > 0 )  THEN 3 2 3 0
<b 0 3 2 8 0 HOME 1 FOR VV -  1 TO 1 2 0 0 1  NEXT
4 7 7 0 GOSU0 2 0 0 0 * T 2 »  -  T * VV
4 7 B 0 I F  PEEK  ( P E )  < > 2 3 3  THEN 3 2 9 0 NEXT 1
4 7 8 0 3 2 9 4 HOME i VTAB ( 1 0 ) t HTAB ( 3 ) i
4 7 9 0 QOSUB 2 0 0 0 1 T 3 »  -  T * P R IN T  “ P R E S S  S PA C E BAR TO C
4 0 0 0 I F  PEE K  (P E )  < > 2 3 9  THEN O N TIN U E"
4 8 0 0 3 2 9 6 GET Z * i  I F  I t  < > " THEN
4 0 1 0 QOSUB 2 0 0 0 1 T 4 *  -  T » 3 2 9 6
4 0 1 3 POKE P O ,0 3 3 0 0 FOR I  -  IY  -*■ 1 TO IY  + IB
4 8 2 0 RETURN 3 3 1 0 E l  -  0 i E 2  -  0 i P F  -  0
4 0 3 0 REM 3 3 1 3 HOME t VTAB ( B i t  HTAB ( 1 2 ) t
4 0 4 0 REM P R IN T  I
4 0 3 0 F IM 3 3 2 0 ON EW GOSUB 4 0 0 0 , 4 3 0 0 , 4 3 0 0
3 0 0 0 3 3 3 0 GOSUB 7 0 0 0
3 0 0 1 REM *  * 3 3 4 0 HOME i FOR W  -  1 TO 1 2 0 0 1  NEXT
3 0 0 2 REM •  C O N D IT IO N  1 * VV
3 0 0 3 QOSUB 8 0 0 0 3 3 3 0 NEXT I
3 0 0 4  1EH -  l i  HOME 3 3 6 0 HOME l VTAB ( 7 ) i  P R I N T  "SAV
3 0 0 3 FOR W  -  1 TO 1 2 0 0 *  NEXT VV ING DATA AND 1 M INUTE WAI T"
3 3 6 3 YYY -  l i X X X  -  S S i  GOSUB 1 8 0 0
3 0 1 0 FOR I -  0  TO 4 3 tN S  -  "N "
5 0 2 0 E l  -  0 i E 2  -  0 3 3 6 6 HOME l VTAB ( 7 > i  P R I N T  "P R E
3 0 2 3 REM S E T  P R IN T  ERROR ON S S  SPA C E  BAR TO C O N T IN U E "
3 0 2 6 P F  -  1 3 3 6 7 GET Z * i  I F  Z I  < > " •• THEN
3 0 3 0 QQSUB 4 0 0 0 3 3 6 6
3 0 4 0 BOSUB 7 0 0 0 3 3 6 8 I F  OY -  1 THEN IX -  1
3 0 3 0 HOME i FOR TF -  1 TO 3 0 0 t  NEXT 3 3 7 0 DB "  DB — 3 3 i I X  «  IX ♦  3 3 t I Y
TF -  I Y 3 3
3 0 6 0 I F  ( E l  > 0 )  OR (E 2  > 0> THEN 3 3 7 2 NEXT OY
3 0 2 0 3 3 7 4 HOME i VTAB ( 7 ) i P R IN T  “ WAI
3 1 0 0 NEXT I T IN G  3  M IN U T E S '*! P R I N T  i P R IN T
3 1 1 0 REM STO R E THE DATA “ P R E S S  SPA C E BAR TO CONTINUE
3 1 1 3 YYY -  1 " i  GET Z 6 i  I F  Z *  < > " " THEN
3 1 2 0 XXX -  4 3 i  BOSUB 1 B 0 0 1 N *  -  "N 3 3 7 4
M 3 3 7 6 EQ -  1
3 1 3 0 REM W AIT F IV E  M IN U TES 3 3 7 8 FDR I -  1 6 6  TO 1 9 3
3 1 4 0 HOME i P R IN T  “ W A IT IN G  F IV E 3 3 8 0 I F  (1  ■ 1 7 6 )  OR ( I  -  1 8 6 )  THEN
M IN U TES —  P R E S S  SPA C E BAR T EQ “  EG ♦  1
O C O N T IN U E 1* 3 3 8 1 EW »  O Z ( E G )
3 1 3 0 GET Z * i  I F  19 < > “ ** THEN 3 3 8 2 E l  -  0 * E 2  -  0 i P F  -  0
3 1 3 0 3 3 8 3 HOME 1 VTAB ( 8 ) t  HTAB ( 1 2 ) 1
3 1 3 2 EW -  1 P R IN T  I
3 1 5 3 FOR I -  4 6  TO 3 3 S 3 B 4 ON EW BOSUB 4 0 0 0 , 4 3 0 0 , 4 3 0 0
3 1 3 0 HOME i VTAB ( 8 ) 1  HTAB ( 1 2 > t 3 3 8 6 GOSUB 7 0 0 0 *  I F  ( E l  > 0 )  OR
P R IN T  1 ( E 2  > 0 )  THEN 3 3 8 2
3 1 6 0 E l  -  0 1 E 2  -  0 1 P F  -  01  GOSUB 3 3 8 8 HOME i FOR W  «  1 TO 1 2 0 0 1  NEXT
4 0 0 0 a  BOSUB 7 0 0 0 VV
3 1 7 0 NEXT I 3 3 9 0 NEXT I
3 1 7 3 YYY -  4 6 3 3 9 2 XXX -  3 0 1 YYY -  l i  QOSUB 1 8 0 0
3 1 8 0 XXX -  YYY ♦  9 i  BOSUB 1 8 0 0 IN F  «  “ N "
3 1 8 2 RETURN 3 3 9 4 RETURN
3 1 9 3 3 4 0 0 REM * * • * * • * * • * * • * • * • • * * *
3 1 9 6 REM *  * 3 4 0 1 REM *  *
3 1 9 7 REM *  C O N D IT IO N  2  * 3 4 0 2 REM *  C O N D IT IO N  3  *
3 1 9 0 REM *  * 3 4 0 3 REM *  *  -
3 1 9 9 REM * * * * * * * * * * * * * * * * * * * * * * 3 4 0 4 REM * * * * 4 * * 4 * * 4 * * * * 4 4 * 4 4
3 2 0 0 GOSUB 6 3 0 0 3 4 1 0 GOSUB 6 3 0 0
3 2 0 3 QOSUB 8 2 0 0 3 4 1 5 GOSUB 8 2 0 0
3 2 1 0 IX  •  0 1 I V  -  4 3 1 DB “  0 3 4 2 0 IX -  0 i I Y  -  4 3 iD B  -  0
3 2 2 0 FOR OY -  1 TO 3 3 4 2 3 FOR OY ■ 1 TO 3
3 2 3 0 EW -  O Z ( O Y ) 3 4 3 0 EW *  O Z ( O Y )
3 2 4 0 FOR I -  IX  TO IY 3 4 3 3 FOR I -  IX TO IY
3 2 3 0 E l  -  0 i E 2  -  S i P F  -  1 3 4 4 0 E l  -  0 1 E 2  *  0 1 P F  -  1
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3 4 4 3  ON EM 0O 8U B  4 0 M , 4 3 M , 4 3 M  
3 4 3 0  GOSUB 7 M i  I F  ( E l  > B> OR 
( E 2  > B ) THEN 3 4 4 B  
3 4 3 3  HOME t FOR W  -  1 TO 1 2 M i  NEXT
W
3 4 6 9  NEXT I
5 4 6 3  HOME t VTAB ( 7 ) 1  P R IN T  "SA V  
INO  DATA AND 1 M INUTE W A I T '
3 4 7 B  YYY -  l i  XXX -  4 3 1 GOSUB I B M  
i N I  -  MN "
3 4 7 3  HOME i VTAB ( 7 > i  P R IN T  "P R E  
S B  SPA C E  BAR TO C O N TIN U E"
3 4 8 0  GET Z * i  I F  Z *  < > " " THEN
3 4 M
3 4 8 2  I F  OY -  1 THEN IX  -  1
3 4 8 3  DB “  DB -  4 3 i l X  -  IX ♦  4 3 i l Y
-  IY ♦  4 5  
3 4 9 0  NEXT OY
3 4 9 3  HOME i VTAB ( 1 1 )  i HTAB ( 1 2 )  
t  P R IN T  “ N A IT IN G  5  M IN U T E S "!
P R IN T  t HTAB ( 6 > I  P R I N T  "P R  
E S S  S PA C E  BAR TO C O N T IN U E "! GET 
ZXl I F  Z »  < > “ " THEN 5 4 9 3
3 3 B B  EW -  1
S 3 B 3  FOR I -  1 3 6  TO 1 4 3  
3 3 1 0  E l  “  B i E 2  -  0 1 P F  -  0  
3 3 2 0  GOSUB 4 0 B 0 t  GOSUB 7 0 0 0  
3 3 2 3  HOME t FOR W  -  1 TO 1 2 0 0 1  NEXT 
VV
3 3 3 B  NEXT I
5 3 3 5  YYY -  l i X X X  -  101  GOSUB 1 0 0 B  
t  N * -  “ N "
5 3 4 0  RETURN
5 9 9 5  REM * # * • * • * * # * * # • # * # • * # * • *
3 9 9 6  REM *  *
3 9 9 7  REM *  C O N D IT IO N  4  *
3 9 9 8  REM •
3 9 9 9  REM * * * * * * * * * * * * * * * * * * * * * *
6 B 0 B  FOR □  -  1 TO 1 3 3  S T E P  3  
6 B 1 B  TR( H> -  I NT <3 *  RND < 1 > )  +
1
6 0 2 0  TR <Q -*■ 1 )  -  IN T  <3 •  RND (
1) ) * 1
6 0 3 0  I F  T R t O >  -  T R ( B  *  1 )  THEN 6  
020
6 0 4 0  TR (Q  ♦  2>  -  6  -  <TR (Q> ♦  TR (
Q * 11)
6 0 3 0  NEXT Q
6 0 5 5  DB -  B
6 0 6 0  QOSUB B 7 M
6 0 6 3  HOME
6 0 7 0  I -  O iP F  ■ 1
6 0 0 0  FOR EH -  3  TO 1 S T E P  -  1
6 0 0 5  E l  -  0 i E 2  -  B
6 0 9 0  QOSUB 9 0 0 0
6 1 B O  ON EH GOSUB 4 0 0 0 , 4 3 0 0 , 4 3 0 0  
6 1 1 0  QOSUB 7 0 0 0 1  I F  <E1 > B> OR 
(E 2  > 0 )  THEN 6 0 8 5  
6 1 2 0  HOME I FOR W  -  1 TO I 2 0 0 t  NEXT 
VV
6 1 3 0  NEXT EW
6 1 4 0  FOR I *  I TO 1 3 5
6 1 3 0  EW *  T R ( I )
6 1 3 3  E l  -  0 i E 2  -  0  
6 1 6 0  GOSUB 9 0 0 0
6 1 7 0  ON EN GOSUB 4 0 0 0 , 4 3 0 0 , 4 3 0 0  
6 1 8 0  GOSUB 7 0 0 * 1  I F  <E l > 0 )  OR 
(E 2  > 0 )  THEN 6 1 3 3  
6 1 8 2  HOME i FOR VV -  1 TO 1 2 0 0 1  NEXT
VV
6 1 8 4  IF  NOT ( ( I  -  4 3 )  OR (1 -  9  
B ) ) THEN 6 2 0 0
6 1 8 6  YYY *  l i X X X  *  4 3
6 1 8 7  HOME" t  VTAB ( 7 > *  P R I N T  "SAV 
ING DATA AND ONE MI NUTE WAIT 
" l  P R I N T
6 1 8 8  GOSUB I S M
6 1 8 9  P R I N T  " P R E S S  SPA CE BAR TO C 
O N T IN U E "
6 1 9 0  N » -  - N -  
6 1 9 2  DB -  DB -  4 3
6 1 9 4  GET Z * i  I F  Z *  < > " " THEN 
6 1 9 4  
6 2 0 B  NEXT I
6 2 1 0  YYY * I t  XXX -  4 3 1 GOSUB 1 8 0 0  
1NS -  "N "
6 2 2 0  DB -  DB -  4 3
6 2 3 0  REM WAIT F I V E  M IN U TES THEN 
DO THE R E T E N T IO N  T R I A L S  
6 2 4 0  HOME i P R I N T  " W A I T I N G  F I V E  
M IN U TES —  P R E S S  SPA C E BAR T 
□  C O N T IN U E "
6 2 3 0  GET Z * i  I F  Z »  < > “ " THEN 
6 2 4 0  
6 2 6 0  EW -  1
6 2 7 0  FOR 1 *  1 3 6  TO 1 4 3  
6 2 8 0  HOME I VTAB ( 8 > I  HTAB ( 1 2 > i  
P R I N T  I
6 2 9 0  E l  -  0 i E 2  -  B i P F  -  B i  GOSUB 
4 0 0 0 1  GOSUB 7 0 0 0  
6 3 0 0  NEXT I
6 3 1 0  YYY -  I t  XXX *  1 0 !  GOSUB 1 8 0 0  
6 3 2 0  RETURN
6 3 0 0  REM ASK ORDER FOR C O N D I T I O  
NS 2  tt 3
6 5 1 0  HOME i P R I N T  i P R I N T  I P R I N T  
" IN P U T  ORDER"
6 3 2 0  P R I N T  i P R IN T  “ A -  1 2 3  
B -  4 2 3  C -  3 2 3 "
6 3 3 0  P R I N T  i P R IN T  “ 1 -  ABC"
6 3 4 0  P R I N T  “ 2  -  BCA"
6 5 3 0  P R I N T  " 3  -  CAB"
6 3 6 0  VTAB < 1 2 ) I HTAB < 6 > l  P R I N T
"W H ICH ONE " i  GET OD 
6 3 7 0  I F  (OD < 1> OR (OD > 3 )  THEN 
6 3 6 0
6 3 8 0  ON OD GOTO 6 6 0 0 , 6 6 3 0 , 6 7 M  
6 6 0 0  0 Z ( 1 >  -  1 i O Z ( 2> -  2 i O Z ( 3 )  *
3 t  GOTO 6 7 1 0  
6 6 3 0  O Z ( l )  -  2 I O Z ( 2 )  *  3 i O Z ( 3 >  -  
I t  GOTO 6 7 1 0  
6 7 0 0  0 Z ( 1 )  *  3 i O Z ( 2 )  -  1 i O Z ( 3 )  -  
2
6 7 1 0  RETURN
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7 0 0 0 REM
7 0 0 1 REM • •
7 0 0 2 REM •  CALCULATE THE TIME *
7 0 0 3 REM *  R T , M 1 , M 2 , M3 •
7 0 0 4 REM • •
7 0 0 3 REM * * * * * * * * * * * * * * * * * * * * * *
7 0 1 0 T* - T 1 *  * GOSUB 3 0 0 0 *  T l -  ST
D
7 0 1 3 T l  - IN T  ( T l  * 1 0 0 0 )
7 0 2 0 T *  - T 2 * i  GOSUB 3 0 0 0 *  T2 -  ST
D
7 0 2 3 T 2  - IN T  (T 2  * 1 0 0 0 )
7 0 3 0 T *  -
n
T 3 * t  GOSUB 3 0 0 0 *  T 3 -  ST
7 0 3 3
KJ
T 3  - IN T  ( T 3 * 1 0 0 0 )
7 0 4 0 T *  -
n
T 4 * t  GOSUB 3 0 0 0 : T 4 1 cn
 -1
7 0 4 3
U
T 4  - IN T  ( T 4 * 1 0 0 0 )
7 0 3 0 REM STO R E THE DATA IN THE
ARRAY
7 0 6 0 A ( I D B ,  1 ) -  Wl REM CONDI
TI ON TY PE
7 0 7 0 A d ♦ D B . 2 )  -  ID* REM S U B J
ECT ID  NUMBER
7 0 7 3 A ( I 4- D B , 3 )  -  I : REM T R I A L
NUMBER
7 0 7 7 A d 4- D B , 4 )  -  EW
7 0 7 8 A d 4- D B , 3 >  -  OD* REM ORDE
R (ZERO FOR C O N D I T I O N S  1 AND
4)
7 0 8 0  A ( I + D B , 6 >  -  ( ( T 3  -  T 2 > -  T 
P  t X Y ,  1)  > I REN SEGMENT ON
E ERROR
7 0 9 0  A t I  + D B , 7 )  -  ( ( T 4  -  T 3 )  -  T
P ( X Y , 2 > ) *  REM SEGMENT TM
0  ERROR
7 1 0 0  A ( I  ♦  D B , S >  -  T 2  -  T l i  REM 
R E A C TIO N  TI ME 
7 1 1 0  I F  A l l  * D B ,6 )  > B 3 0  THEN E
1 - 1
7120 I F  A ( I + D B , 6 )  < -  050 THEN
E l  -  2
7 1 3 0  I F  A ( I  + D B , 7> > 030 THEN E
2 -  1
7 1 4 0  I F  A l t  ♦  D B , 7 >  < -  S 3 0  THEN
E 2  -  2
7 3 9 0  REM I F  PR  I S  -  1 THEN P R 1N  
T ERROR E L S E  RETURN TO THE C 
O N D IT IO N  THAT CALLED THE ROU 
T I N E
7 3 9 9  I F  P F  *  0  THEN 7 3 0 0
7 4 0 0  REM P R IN T  TO THE SCREEN 
7 4 1 0  REM TH ESE ARE THE CORECT T
1ME3
7 4 2 0  HOME i VTAB ( 3 ) t  P R I N T  I 
7 4 2 3  I F  ( A d  + D B , A )  < -  T C ( M , E
W> > AND ( A l l  + D B , A) > -  -
TC( W, EW>> THEN P R I N T  "SEGM E 
NT ONE C O R R E C T "i GOTO 7 4 3 3  
7 4 2 7  I F  A d  D B , 6> > 0  THEN 7 4 3
2
7 4 3 0  VTAB ( 7 ) 1  P R I N T  "SEGM ENT ON 
E ERROR A d  D B . 6 ) ; "  TOO
F A S T "
7 4 3 1  GOTO 7 4 3 3
7 4 3 2  VTAB ( 7 ) *  P R I N T  "SEGM ENT ON 
E ERROR " |  A ( I  4- D B , 6 > | "  TOO 
SLOW"
7 4 3 3  I F  ( A d  4 DB , 7 )  < -  T C ( W , E
W) > AND ( A ( l  4- D B , 7 >  > -  -
T C ( W , E W ) ) THEN P R I N T  "SEBM E 
NT TWO C O R R E C T "t GOTO 7 4 3 0
7 4 3 7  IF  A d  ♦ D B , 7 )  > 0  THEN 7 4 4
3
7 4 4 0  VTAB < 8 J *  P R IN T  "SEGMENT TW 
O ERROR " ( A d  4- 0 0 , 7 ) ; * *  TOO 
F A S T "
7 4 4 2  GOTO 7 4 3 0
7 4 4 3  VTAB ( 0 ) l P R I N T  “ SEGMENT TW 
O ERROR -  i A (1  4- D B , 7 )  i -  TOO 
5LOW"
7 4 3 0  VTAB ( 1 0 )
7 4 5 7  IF  ( E l  > 0 )  OR (E 2  > 0 )  THEN
7 4 3 9  
7 4 5 0  GDTO 7 5 0 0
7 4 5 9  I F  P F  -  0  THEN t HOME l P R I N T  
" T R I A L  WI L L  BE DONE O V E R - i  GOTO 
7 5 0 0
7 4 6 0  IF  c l  -  1 THEN P R I N T  "SEGM 
-N T  ONE TI ME TOO SLOW ERROR-
-  T R I A L  WI LL BE DONE O V ER - 
7 4 7 0  I F  E l  -  2  THEN P R I N T  “ SEGM
ENT ONE TI ME  TOO FAST E R R O R -
-  T R I A L  WI LL BE DONE O V ER - 
7 4 0 0  I F  E 2  -  1 THEN P R I N T  "SEGM
ENT TWO TI ME TOO SLOW E R R O R -
-  T R I A L  WI LL BE DONE OVER"
7 4 9 0  I F  E 2  -  2  THEN P R IN T  "SEGM
ENT TWO TIME TOO FA ST E R R O R -
-  T R I A L  WI LL BE DONE O V ER - 
7 4 9 3  J F  ( E l  -  0 )  AND ( £ 2  -  0 )  THEN
GOTO 7 3 1 0  
7 3 0 0  FOR VV -  1 TO 3 0 0 0 *  NEXT W
7 3 1 0  RETURN
B 0 0 0  REM C O N D I T I O N S  1 , 2  
8 0 0 3  I F  M I D *  ( S N * , 1 , 4 )  »  " T E S T -  
THEN 0 0 6 3  
8 0 1 0  HOME ; VTAB ( 1 0 ) *  P R I N T  " B E
G I N N I N G  3  P R A C T IC E  T R I A L S " *  P R I N T  
OF PA TTER N  1 2 3 "
8 0 2 0  FOR GV -  1 TO 3 0 0 0 1  NEXT GV 
* HOME
8 0 2 3  FOR GV > 1 TO 1 0 0 0 *  NEXT GV
8 0 3 0  FOR GX -  1 TO 3
0 0 3 3  HOME ■ VTAB ( 3 ) 1  P R I N T  GX
8 0 4 0  GOSUB 4 0 0 0
8 0 3 0  FOR GV -  1 TO 3 0 0 0 *  NEXT GV
8 0 6 0  NEXT GX 
8 0 6 3  GOSUB 8 6 0 0  
8 0 7 0  RETURN 
B 2 0 0  REM C O N D I T I O N  3  
8 2 0 3  I F  M I D *  ( S N * , 1 , 4 )  -  “ T E S T - 
THEN 8 3 2 3  
0 2 1 0  HOME : VTAB ( l f l ) i  P R I N T  "BE
G I N N I N G  P R A C T I C E  T R I A L S " *  P R I N T  
"FO R C O N D I T I O N S  2  OR 3 "
B22B FOR GV - 1 TO 3 M f l  NEXT GV 
I HOME
8230 FOR OV - 1 TO 10001 NEXT QV 133
S Z 3 3  FOR EM *  1 TO 3  
8 2 4 0  FOR OX -  1 TO 2  
B 2 3 0  HOME I VTAB < 3 1 t P R IN T  OX 
8 2 6 0  ON EM QOSU8 4 0 0 0 , 4 3 0 0 , 4 3 0 0  
B 2 7 0  FOR OV -  1 TO 3 0 0 0 1  NEXT QV
B 2 8 0  NEXT BX 
8 2 9 0  NEXT EM 
0 3 0 0  GOTO 0 3 2 3
B 3 1 8  FOR BV -  I  TO 3 0 0 0 1  NEXT GV
0 3 2 0  NEXT GX
0 3 2 3  BOSUB 8 6 0 0
0 3 3 0  RETURN
B 4 0 0  REN C O N D IT IO N  6
8 4 0 3  *F S N *  -  " T E S T -  THEN B 4 B 5
8 4 1 0  HOME i VTAB ( 1 0 ) 1  P R IN T  “ BE
G IN N IN Q  3  PR A C T IC E  T R I A L S " ;  P R IN T  
OF PATTERN 1 2 3 "
B 4 2 B  FOR GV m 1 TO 3 0 0 0 1  NEXT GV 
i HOME
8 4 3 0  FOR GV ■ 1 TO 1 0 0 0 :  NEXT GV
8 4 4 0  FOR 0 1  •  1 TO 3
8 4 3 0  HOME t VTAB (3>i PRINT GX
0 4 6 0  GOSUB 4 7 0 0
8 4 7 0  FDR GV ■ 1 TO 3 0 0 0 :  NEXT GV
8 4 0 0  NEXT GX 
8 4 0 3  GOSUB 8 6 0 0  
B 4 9 0  RETURN
8 6 0 0  HOME 1 VTAB ( 1 0 ) i  P R IN T  “ PR  
E S S  S PA C E BAR TO C O N TIN U E"
8 6 1 0  GET O A Si I F  QA* < " " THEN
B 6 1 B  
8 6 2 0  RETURN
8 7 0 0  I F  M ID * ( S N * , 1 , 4 )  -  " T E S T "
THEN 8 8 4 0  
8 7 1 0  HOME t VTAB ( 1 0 > i  P R IN T  " 8 £  
G IN N IN G  6  P R A C T IC E  T R IA L S "
8 7 2 0  P R IN T  " OF C O N D IT IO N  4 "
8 7 3 0  FOR GV -  1 TO 3 0 0 0 1  NEXT GV
8 7 4 0  S T  -  IN T  ( 2 5  *  RND < 1 )>  *
3  + 1
8 7 3 0  FOR GV -  I TO 1 0 0 0 1  NEXT GV
8 7 6 0 FOR GX -  0  TO 3
8 7 B 0 HOME 1 VTAB < 3 > i P R IN T  GX ♦
8 7 9 0
ft
EH -  TR(G X  +  S T )
8 8 0 0 OQ8UB 9 0 0 0
8 8 1 0 ON EM BOSUB 4 0 0 0 , 4 3 0 0 , 4 3 0 0
8 8 2 0 FOR GV -  1 TO 2 0 0 0 1 NEXT GV
B 8 3 0 NEXT BX
8 8 4 0 GOSUB 8 6 0 0
8 8 3 0 RETURN
9 0 0 0 POKE P O , T 9 ( E M ,1>
9 0 1 0 FOR W  -  1 TO 1 2 0 0 1 NEXT VV
9 0 1 3 GOTO 9 0 4 0
9 0 2 0 POKE P O , T 9 (E M ,2 )
9 0 3 0 FOR w  -  1 TO 12801 NEXT VV
9 0 4 0 POKE P O ,0
9 0 3 0 FOR W  -  1 TO 1 2 0 0 1 NEXT VV
9 0 6 0 RETURN
Computer Program for Experiment 2
1 0 O 0 REM START THE EX PERIM EN T
1 0 1 0 HOME * VTAB ( 9 ) *  P R IN T  "WHA
2  REM *  THE V A R IA B L ES * T C O N D IT IO N  I S  WANTED 1 - 4 -
3  REM * ER* I S  THERE A ERROR IN 1 0 2 0 INPU T W* I F (W < 1 )  OR (W >
TIM E 4 )  THEN GOTO 1 0 1 0
4  REM *  P F i  P R IN T  THE TIM E Y - l . N 1 0 3 0 ON W GOSUB 3 0 0 0 , 3 2 0 0 , 3 4 0 0 , 6
- a 0 0 0
3  REM *  XV* TO S P E C IF Y  THE C R IT E 1 2 0 0 END
R IA  TIM E 1 7 9 0 REM
I S REM * * ♦ ■ * * ■ * * * # ••* ■ * * ■ * * * * * * * * * * •# 1 7 9 1  
1 7 9 2
REM
REM
9 0 P R IN T  CH R * ( 4 )  |  “ NOMONI ,Q , C " 1 7 9 3 REM
1 0 0 REM I N I T I A L I Z E  THE INPU T 1 8 0 0
1 1 0 DIM A ( 1 2 1 , 7 ) , T R ( 1 0 0 ) , T 4 < 3 ,2 > 1 8 0 1 REM « •
, T P (3 > 1 8 0 2 REM * STO R E THE DATA •
1 2 0 SLOT -  4 1 8 0 3 REM * •
1 3 0 REM I N I T  THE I/O BOARD 1 8 0 4
1 4 0 P E  •  4 9 3 3 2 * PO -  4 9 3 2 B *  POKE P 1 8 0 6 P R IN T CH R * ( 4 )
0  +• 1 , 0 *  POKE P O ,  2 3 3 *  POKE P 1 8 1 0 P R IN T CHR* ( 4 ) 1 " O P E N " |S N *
O ♦  1 , 4 *  POKE P O . 0 1 8 1 3 P R IN T CHR* ( 4 ) |"A P P E N D  “ j S
1 3 0 POKE P E  + 1 ,0 *  POKE P E , 0 *  POKE N*
PE + 1 , 4 1 8 2 0 P R IN T CH R* ( 4 ) * " W R IT E " !S N *
2 1 6 T P  1 1 ) -  1 0 3 0
2 1 8 TP 1 2 ) -  9 0 0 1 8 3 0 FOR I -  YYY TO XXX
2 2 0 T P  ( 3 )  -  1 2 0 0 1 0 4 0 P R IN T A ( I , l i t "  " I A ( I , 2 )
2 4 6 T 4 ( l , 1 )  -  2 I " " * A U , 3 )  |  " "1  A (1  ,
2 4 8 T 4 < 1 , 2 )  -  1 4 2 4 )  |  " " 1 0 ( 1 , 3 ) 1 "  “ »A (
2 3 0 T 4 ( 2 , 1 )  -  16 1 , 6 ) 1 " “ 1 A ( I , 7 )
2 3 2 T 4 ( 2 , 2 )  -  1 8 0 1 8 3 0 NEXT 1t
2 3 4 T 4 ( 3 , 1> -  3 2 I 8 6 0 P R IN T CH R* ( 4 ) i " C L O S E " |S N *
2 3 6 T 4 ( 3 , 2 >  -  1 7 2
7 6 0 I F  PEE K  (P E )  -  2 3 4  THEN 4 7 6 1 8 7 0 RETURN
0 1 9 9 3 REM
9 0 0 HOME i VTAB ( 7 ) i  P R IN T  "
IN PU T  THE NAME OF THE SUB 
JE C T  ”
1 9 9 6
1 9 9 7
1 9 9 8
REM
REM
REM
9 0 3 P R IN T  " DO NOT START T 1 9 9 9 END
HE NAME W ITH 1 - 9 - 2 0 0 0 REM • ***#■#**##■*■#*•**###*•■■»
9 1 0 IN PU T S N * i I F  S N *  -  THEN 2 0 0 1 REM * •
9 0 0 2 0 0 2 REM * SU B R O U TIN E TO READ *
9 1 3 VTAB ( 1 1 )  * P R IN T  "S U B JE C T  ID 2 0 0 3 REM * THE TIM E FROM THE *
•* 2 0 0 4 REM * CLOCK •
9 1 6 IN PU T ID * I F  ( I D  < 1) OR H D 2 0 0 3 REM * •
> 1 0 0 0 )  THEN 9 1 6 2 0 0 6 REM • * * * * * • * * • ■ * * * * * • * * # • * ■ * •
9 2 0 VTAB ( 1 3 ) t P R IN T  " I S  T H IS  A 2 0 0 7 P R IN T C H R * ( 4 )
NEW 8 U 0 J E C T I Y / N ) - | 2 0 1 0 P R IN T CHR* ( 4 ) | ” I N * “ |S L O T
9 3 0 GET N * t I F  <N* < > " V " )  AND 2 0 2 0 P R IN T CHR* ( 4 ) |" P R # " ; S L O T
<NS < > " N " )  THEN 9 3 0 2 0 3 0 IN PU T . ..|T#
9 4 0 I F  N l  ■  “ Y“ THEN 1 0 1 0 2 0 4 0 P R IN T CHR* ( 4 ) | " I N # 0 "
9 3 0 REM # • * * * * * ♦ * » # * # * * • * * * * * * • 2 0 3 0 P R IN T CHR* ( 4 ) |" P R # 0 "
2 0 6 0 RETURN
9 3 3 REM T H IS  I S  FOR DAY TWO 2 9 9 0 REM
9 3 6 2 9 9 1
2 9 9 2
REM
REM
9 3 8 VTAB ( 1 3 ) t  P R IN T 3 0 0 0 REM CALCULATE THE IN TEB ER
9 6 0 P R IN T  "WHAT C O N D IT IO N  HAS DO TIM E
N E -*  P R IN T  "ON DAY ONE “ | 3 0 2 0 H -  VAL ( M ID * < T * ,7 ,2 > >
9 7 0 IN P U T  Wi I F  F I X  < 1> OR (W > 3 0 3 0 M -  VAL ( M ID * ( T « , 1 0 , 2 > )
4 )  THEN HOME t GOTO 9 6 0 3 0 4 0 S  * VAL ( M ID * ( T * , 1 3 , 6 ) )
9 8 0 GOSUB 3 8 0 0 3 0 3 0 REM F IN D  THE SECONDS TO DA
9 9 8 GOTO 1 2 0 0 TE
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3 0 6 *  STD ■ H *  3 6 M  ♦ N *  6 0  + S  
3 0 7 0  RETURN
3 9 9 0  REN
3 9 9 1  REN
3 9 9 2  REN
4 0 0 0  REN * * * * * * * * * * * * * * * * * * * * * *
4 0 0 1  REN *  *
4 0 0 2  REN •  SUBRO U TIN E FOR •
4 0 0 3  REN »  L IG H T  SEQUENCE 1 2 3  •
4 0 0 4  REN *  *
4 0 0 3  REN * * * * * * * * * * * * * * * * * * * * * *
4 0 1 0  XV *  1
4 1 0 0  POKE P O , 1 i REN TURN ON THE 
L IG H T
4 1 1 0  FOR W  -  1 TO 1 2 0 0 1  NEXT VV
4 1 2 0  POKE P O , 0 t  REN TURN L IG H T  
O FF
4 1 3 0  FOR W  -  1 TO 1 2 0 0 )  NEXT VV
4 1 4 0  POKE P O * 1 4 2 i GOSUB 2 0 0 0 i T l *
-  T *
4 1 3 0  I F  PEEK  ( P E > -  2 3 4  THEN 4 1  
3 0
4 1 6 0  GOSUB 2 0 0 0 1 T 2 4  -  T*
4 1 7 0  I F  PEE K  ( P E )  < > 2 3 3  THEN
GOTO 4 1 7 0  
4 1 8 0  GOSUB 2 0 0 0 1 T 3 *  -  T*
4 1 9 0  IF  PEEK  ( P E )  < > 2 3 1  THEN
4 1 9 0
4 2 0 0  GOSUB 2 0 0 0 1 T 4 «  -  T *
4 2 1 0  POKE P O , 0  
4 2 0 9  RETURN
4 2 9 0  REN
4 2 9 1  REN
4 3 0 0  REN * * * * * * * * * * * * * * * * * * * * * *
4 3 0 1  REN *  *
4 3 0 2  REN •  SU B R O U TIN E FOR »
4 3 0 3  REN •  L IG H T  SEQUENCE 3 2 3  *
4 3 0 4  REM *  *  
4 3 0 3  REM * * * * * * * * * * * * * * * * * * * * * *  
4 3 0 7  XV *  3
4 3 1 0  POKE P O , 1
4 3 2 0  FOR VV *  1 TO 1 2 0 0 1  NEXT VV 
4 3 3 0  POK E P O , 0
4 3 4 0  FOR W  -  1 TO 1 2 0 0 1  NEXT VV
4 3 3 0  POKE P O ,1 7 2 »  BOSUB 2 B 0 0 I T l *  
-  T*
4 3 6 0  I F  PEE K  ( P E )  -  2 3 9  THEN 4 3  
6 0
4 3 7 0  GOSUB 2 0 0 0 1 T 2 *  -  T*
4 3 0 0  I F  PEE K  ( P E )  < > 2 3 3  THEN
4 3 0 0
4 3 9 0  GOSUB 2 0 0 0 1 T 3 »  -  T*
4 4 0 0  I F  P E E K  ( P E )  < > 2 3 1  THEN
4 4 0 0
4 4 1 0  GOSUB 2 0 0 0 1 T 4 *  -  T*
4 4 1 3  POKE P O ,■
4 4 2 0  RETURN
REN • • • • • • • • * * * • • • » * • • * * * •
REN •  •
REN •  SUBRO U TIN E FOR •
REN •  L IG H T  SEQUENCE 4 2 3  •
REN *  »
REM • • • • • « • • • * * * * • * • * • • • * *
XV -  2  
POKE P O . 1
FOR VV -  1 TO 1 2 0 0 1  NEXT VV 
POKE P O , 0
FOR W  • 1 TO 1 2 0 0 1  NEXT VV
POKE P O , 1 0 0 t  GOSUB 2 P 0 0 t T l *
•  T*
I F  PEEK  ( P E )  -  2 4 7  THEN 4 3  
6 0
GOSUB 20001T 2 *  -  T *
I F  PEEK  (P E )  < > 233 THEN 
4 3 0 0
GOSUB 2 0 0 0 1 T 3 *  -  T *
I F  PEEK  (P E )  < > 2 3 9  THEN 
4 6 0 0
GOSUB 2 0 0 0 1 T 4 *  -  T *
POKE P O ,0
RETURN
REM
REN
REN
REN « * • * * • • * » • • • * • • • • • • • • •
REN •  •
REN •  C O N D IT IO N  1 •
GOSUB 0 0 0 0  
EW •  1 i HONE 
FOR VV *  1 TO 1 2 0 0 1  NEXT VV
FOR I -  0  TO 3 0  
E l  -  0  
REN S E T  P R IN T  ERROR ON 
P F  -  1 
GOSUB 4 0 0 0  
GOSUB 7 0 0 0
HOME t FO R  TF -  1 TO 3 0 0 1  NEXT 
TF
I F  ( E l  > 0 )  THEN 3 0 2 0  
NEXT I
REN STO R E THE DATA 
VVV -  1
XXX -  30t GOSUB 1B00IN* -  "N
REN W AIT F IV E  M INUTES 
HONE t P R IN T  "W A IT IN G  F IV E  
M IN UTES —  P R E S S  S PA C E BAR T 
O C O N TIN U E"
GET 2 * i  I F  Z* < > » « THEN
3 1 3 0  
EW -  1 
FOR I *  3 1  TO 4 0  
HOME r VTAB ( 1 0 ) i  P R IN T  I 
E l  “ 0 i P F  m B i GOSUB 4 0 0 0 1  BOSUB 
7 0 0 0 t  I F  ( E l  > 0>  THEN 3 1 6 0
4 3 0 0
4 3 0 1
4 3 0 2
4 3 0 3
4 3 0 4
4 3 0 3
4 3 0 7
4 5 1 0
4 3 2 0
4 5 3 0
4 3 4 0
4 5 3 0
4 3 6 0
4 3 7 0
4 3 B 0
4 3 9 0
4 6 0 0
4 6 1 0
4 6 1 3
4 6 2 0
4 B 3 0
4 3 4 0
4850
3 0 0 0
3 0 0 1
5 0 0 2
3 0 0 3
3 0 0 4
3 0 0 3
3 0 1 0
3 0 2 0
3 0 2 3
3 0 2 6
3 0 3 0
3 0 4 0
3 0 3 0
3 0 6 0
3 1 0 0
3 1 1 0
3 1 1 3
3 1 2 0
3 1 3 0
3 1 4 0
3 1 3 0
3 1 3 2
5 1 5 3
3 1 5 6
5 1 6 0
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3 1 7 0  NEXT I 
3 1 7 3  YYY -  31
3 1 8 0  XXX -  YYY + 9 l  BOSUB 1 8 0 0
3 1 9 9  RETURN
3 2 0 0  REM * * * * * * * * * * * * * * * * * * * * * *
3 2 0 1  REM * *
3 2 0 2  REM •  C O N D IT IO N  2  *
3 2 0 3  REM *  *
3 2 0 3  REM .............. ................................................ *
3 2 0 *  OOSUB 0 0 0 0
3 2 0 9  EH *  1 i HOME
3 2 1 0  FOR I -  0  TO 3 0
3 2 1 *  REM S E T  NO ERROR AND P R IN T  
THE T IM E S  AND ERRORS 
3 2 1 3  E l  “  0 1 P F  -  1 
3 2 2 0  BOSUB * 0 0 0
3 2 3 0  GOSUB 7 0 0 0
3 2 3 3  FOR H -  1 TO 3 0 0 1  NEXT H
3 2 3 3  I F  E l  -  0  THEN 3 2 * 8
3 2 3 A HOME
3 2 * 0  I F  ( E l  > 0> THEN GOTO 3 2 1 3
3 2 * 3  REM MAY WANT TL COMPUTER T 
O COUNT T W E N T Y -F IV E  SECONDS 
3 2 4 8  HOME
3 2 3 0  FOR H -  1 TO 1 0 3 0 0 1  NEXT H 
3 2 3 3  I F  W < > 3  THEN 3 2 7 0
3 2 6 0  HOME i VTAB ( 1 0 ) i  P R IN T  "P R  
E S S  SPACEBAR TO C O N TIN U E"
3 2 6 3  BET WQ«t I F  WQ« < > " " THEN
3 2 6 3  
3 2 7 0  NEXT I
3 2 8 0  REM STO R E THE DATA FROM TH 
IB  EX PERIM EN T 
3 2 8 3  VYV -  H X X X  -  3 0
3 2 8 9  N * -  "V "
3 2 9 0  BOSUB 1 8 0 0 1 N * -  “ N " i  REM C 
HANBE TO OLD S U B JE C T
3 3 0 0  REM W A IT 3  M IN U TES AND THE 
N DO TEN R E T E N T IO N  ON A 
3 3 0 3  HOME i P R IN T  "W A IT IN G  F IV E  
M IN U TES —  P R E S S  SPA C E BAR T 
O C Q N T IU E "
3 3 0 7  B ET 2B* I F  2 *  < > -  -  THEN
3 3 0 3  
5 3 0 B  EW -  1
3 3 1 0  FOR I -  3 1  TO * 0  
3 3 2 0  E l  -  0 1 P F  -  0 1  REM DO NOT 
SHOW THEN TIM E 
3 3 2 3  HOME I P R IN T  I 
3 3 3 0  BOSUB 4 0 0 0 1  BOSUB 7 0 0 0  
3 3 4 0  I F  ( E l  > 0 )  THEN 3 3 2 0  
3 3 * 3  NEXT I
3 3 3 0  YYY -  3 1 1XXX -  YYY + 9 t  GOSUB 
1B00
3 3 9 9  RETURN
3 4 0 0  REM » • • • • * ♦ • * * * * * * « * • * * * • »  
3 * 0 1  REM *  «
3 * 0 2  REM *  C O N D IT IO N  3 *
3 4 0 3  GOSUB 8 2 0 0  
3 * 0 *  HOME 
3 * 0 3  1 - 0
3 * 1 0  FOR GG -  0  TO 3 0  
3 * 1 2  I F  GG -  1 THEN 1 - 0  
3 * 1 3  I •  I M  
3 * 1 7  E l  -  0 i P F  -  1 
3 * 1 8  EW -  1
3 4 2 0  GOSUB 4 0 0 0 1  BOSUB 7 0 0 0 i  I F  
( E l  > 0>  THEN 3 * 1 7
5 * 3 0  HOME i FOR VV -  1 TO 1 2 0 0 1  NEXT
VV
5 * 3 3  GOTO 5 * * 3
3 * * 0  GET X * i I F  X* < > -  ■• THEN
3 * 3 0  
3 * * 3  I -  I •*- I 
3 4 4 7  E l  * 0  
3 * * 8  EW -  2
5 4 3 0  GOSUB 4 3 0 0 1  GOSUB 7 0 8 0 1  IF  
( E l  > 0 1  THEN 3 * * 7
3 * 6 0  HOME t FOR VV -  1 TO 1 2 0 0 1  NEXT
VV
3 * 6 3  GOTO 3 * 7 3
3 * 7 0  GET X S t I F  X* < > " " THEN
3 * 6 0 .
3 * 7 3  I -  I + 1 
3 * 7 7  E l  -  0  
3 4 7 8  EW -  3
3 4 8 0  BOSUB * 3 0 0 1  BOSUB 7 0 B 0 t  I F  
( E l  > 0>  THEN 3 * 7 7
3 * 9 0  HOME i FOR W  ■ 1 TO 1 2 0 0 1  NEXT
W
3 * 9 3  GOTO 3 3 2 0
3 3 0 0  GET X * t I F  X* < > •• " THEN
3 * 9 0  
3 3 2 0  NEXT GO
3 3 3 0  REM STO R E THE DATA AND SET
THE S U B JE C T  TO OLD S U B JE C T  
5 3 3 3  YYY -  l i X X X  -  9 0 i GOSUB 1 8 0 0  
INI - "N“
3 3 3 6  REM WAIT F IV E  M IN UTES THE
N DO THE R E T E N T IO N  T R IA L S
3 3 3 7  HOME i P R IN T  "W A IT IN G  F IV E  
M IN UTES —  P R E S S  SPA C E BAR T 
O C O N TIN U E"
3 3 3 8  GET Z * i  I F  I t  < > " -  THEN
3 5 3 7
3 3 3 9  EW -  1
3 3 * 0  FOR I -  9 1  TO 1 0 0  
3 3 * 2  HOME t F*RINT I
3 3 * 3  E l  -  0 i P F  a  0 ,  GOSUB * 0 0 0 1  BOSUB 
7 0 0 0 1  I F  ( E l  > 0>  THEN 3 3 * 3  
3 3 3 0  NEXT I
3 3 6 0  REM STO R E T H IS  DATA
3 3 7 0  YYY -  9 1 iXXX -  YYY + 9 i  GOSUB 
1 8 0 0  
3 3 9 9  RETURN
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3 8 0 0 REM
3 8 0 2 REM *  DAY TWO •
5 8 0 4 REM » C O N D IT IO N  7  *
3 B 0 6 REM * * * * * * * * * * * * * * * * * * * * *
3 8 1 0 I F  M -  3  THEN YYY -  101
3 8 1 3 I F  (M -  1 )  OR (W -  2 )  THEN
YYY - 4 1
3 B 2 B I F  M -  4  THEN YYY -  101
3 8 2 3 EM - I t  HOME
3 8 3 0 FDR |  -  YYY TO (YYY *  9 )
3 8 3 3 HOME i VTAB ( 8 ) i P R IN T  I
3 8 4 0  ER -  O tP F  -  01  GOSUB 40049* GOSUB 
7 0 0 0
5843 BET Q G * t I F  QG* -  “ E “ THEN 
3033 
5 0 3 0  NEXT I
3 0 3 3  HOME t VTAB < 1 0 > t  P R IN T  "P R  
E S S  SPA C E  BAR TO C O N T IN U E ")
3 8 * 0  GET a * i  I F  Q * < > '* “ THEN
3 0 6 0
3 8 7 0  XXX -  VYV ♦ 9 t  BOSUB 1 8 0 0  
3 S B 0  RETURN
3 9 9 0  REM ♦ • » • ♦ * * * * * • • * • • ♦ • * • * • •
3 9 9 1  REM *
3 9 9 2  REM *  C O N D IT IO N  4
3 9 9 3  REM *
*
3994 REM * * * « # * ♦ * • * * • • * # * * • * * * *
»
6 0 0 0  FOR B -  I  TO 9 0  S T E P  3  
6 0 1 0  T R (Q )  -  IN T  ( 3  *  RND ( 1 > >  ♦
1
6020 TR 4Q  ♦  11 -  IN T  ( 3  *  RND (
1 ) > ♦  1
6 0 3 0  I F  T R (O )  -  T R tO  ♦  1 )  THEN 6  
020
6 0 4 0  T R < 0  ♦  2 )  -  6  -  (T R (Q )  + TR <
Q + 1) )
6 0 3 0  NEXT Q
6060 GOSUB 8700
6 0 6 3  HOME
6070 I  -  01PF - 1
6000 FOR E H  -  3  TO 1 S T E P  -  1
6003 El - 0
6090 SO0U0 9000
6100 ON EH BOSUB 4000,4300,4300 
6110 BOSUB 70001 I F  ( E l  > 0) THEN 
6003
6120 HOTC I FOR W  •  I TO 1 2 0 0 *  NEXT 
W
6130 NEXT EH
6140 FOR I  -  1 TO 9 0
6130 EH - TR Cl)
6133 El - 0 
6160 BOSUB 9000
6170 ON EM BOBUB 4000.4300,4300
6180 BOBUB 70001 IF (El > 0) THEN 
6133
6 1 9 0  HOHE l FOR W  ■ l TO 1 2 0 0 *  NEXT 
W
6 2 0 0  NEXT I
6 2 1 0  YYY -  l i X X X  -  9 0 *  GOSUB 1 B 0 0  
iN *  -  “ N "
6 2 2 0 BOSUB 3 3 3 6
6 2 3 0 RETURN
7 0 0 0
7 0 0 1 REM *
7 0 0 2 REM »  CALCULATE THE TIM E
7 0 0 3 REM *  R T , H I , M 2,M 3
7 0 0 4 REM *
70493 REM * • * * ♦ * • * * * * • * * * * • * * » •
7 0 1 0 T*
n *
T l * t BOSUB 3 0 0 0 t T 1 -  ST
7 0 1 3
u  
T 1 _ IN T ( T 1 * 1 0 0 0 )
7 0 2 0 T * a T 2 * t GOSUB 3 0 0 0 1 T 2 -  ST
D
7 0 2 3 T 2 - IN T ( T 2  * 1 0 0 0 )
7 0 3 0 T »
n ■
T 3 * » GOSUB 3 0 0 0 1 T 3 -  ST
7 0 3 5
U
T 3 . IN T 4 T 3  * 1 0 0 0 )
7 0 4 0 T *
n
a T 4 4 1 GOSUB 3 O 0 0 tT 4 -  ST
7 0 4 3
u
T 4 a IN T (T 4  * 1 0 0 0 )
7 0 3 0 REM STO RE THE DATA IN THE
ARRAY
7 0 6 0  A ( 1 , 1 1  - M l  REM C O N D IT IO N  T
YPE
7 0 7 0  A ( I , 2 )  -  ID * REM S U B JE C T  ID  
NUMBER
7 0 7 3  A ( I , 3 )  -  I t  REM T R IA L  NUMBE 
R
7 0 7 7  A <I , 4 )  -  EH
7 0 0 0  A < I  , 3 1  “  ( T 3  -  T 2> *  REM S
EGMENT ONE TIM E 
7 0 9 0  A ( I , 6  > -  ( T 4  -  T 3 > l  REM S
EGMENT TWO TIM E 
7 1 0 0  A ( I , 7 )  -  T 2  -  T i t  REM REAC
T IO N  TIM E 
7 1 0 3  E 2  -  A <I , 3 )  + A ( I , 6 >  -  TP(EW  
>
7 1 1 0  I F  E 2  > 7 5 0  THEN E l  -  1 
7 1 2 0  I F  E 2  < -  7 3 0  THEN E l  -  2
7 3 9 0  REM I F  P R  I S  -  1 THEN P R 1N  
T ERROR E L S E  RETURN TO THE C 
O N D IT IO N  THAT CALLED THE ROU 
T IN E
7 3 9 9  I F  P F  -  O THEN 7 3 0 0
7 4 0 0  REM P R IN T  TO THE SC R EEN  
7 4 1 0  REM TH ESE ARE THE CORECT T
IM ES
7 4 2 0  HOME I VTAB ( 3 ) 1  P R IN T  I 
7 4 2 3  I F  (E 2  < -  4 3 )  AND <E2 > -
-  4 3 )  THEN P R IN T  "MOVEMENT 
C O R R E C T -I GOTO 7 4 3 0  
7 4 2 7  I F  E 2  > 0  THEN 7 4 3 2
7 4 3 0  VTAB ( 7 ) 1  P R IN T  “ MOVEMENT E 
RROR “ ) E 2 | " TOO F A S T -
7 4 3 1  GOTO 7 4 3 0
7 4 3 2  VTAB ( 7 ) *  P R IN T  “ MOVEMENT E 
RROR “ | E 2 | "  TOO SLOW"
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7 4 3 0  VTA® < i a >
7 4 3 7  I F  ( E l  > 0> THEN 7 4 3 4  
7 4 3 0  GOTO 7 S M
7 4 3 4  I F  P F  •  0  THEN * HOME I P R IN T  
"T R IA L  W IL L  BE DONE OVER"* GOTO 
7 3 0 0
7 4 6 0  I F  E l  •  1 THEN P R IN T  "MOVE 
MENT T IN E  TOO SLOW ERROR—  T 
R IA L  W IL L  BE DONE DVER"
7 4 7 0  I F  E l  - 2  THEN P R IN T  “ MOVE 
MENT T IN E  TOO FA ST  ERROR—  T 
R IA L  W IL L  BE DONE OVER"
7 4 4 3  II  ( E l  -  0> THEN GOTO 7 3 1 0
7 3 0 0  FOR W  -  1 TO 3 0 0 0 *  NEXT VV
7 3 1 0  RETURN
8 0 0 0  REN C O N D IT IO N S  1 , 2
8 0 0 3  I F  M ID *  ( S N * , 1 , 4 )  -  " T E S T "
THEN 8 0 6 3  
8 0 1 0  HONE l VTAB < 1 0 1 *  P R IN T  'B E
G 1N N IN B  3  P R A C T IC E  T R IA L S "*  P R I N T  
OF PATTERN 1 2 3 “
8 0 2 0  FOR GV -  1 TO 3 0 0 0 *  NEXT GV 
I HOME
8 0 2 3  FOR GV -  1 TO 1 0 0 0 *  NEXT GV
8 0 3 0  FOR GX -  1 TO 3
8 0 3 3  HONE * VTAB ( 3 > *  P R IN T  GX
8 0 4 0  GOSUB 4 0 0 0
8 0 3 0  FOR GV -  1 TO 3 0 0 0 *  NEXT GV
8 0 6 0  NEXT BX 
B B 6 3  BOBUB B 6 B 0  
8 0 7 0  RETURN 
8 2 0 0  REN C O N D IT IO N  3  
8 2 0 3  I F  M ID *  ( 8 N * , 1 , 4 >  -  “ T E S T - 
THEN 0 3 2 3  
8 2 1 0  HONE * VTAB ( 1 B > *  P R IN T  "B E
G IN N IN G  3  P R A C T IC E  T R I A L S " i  P R IN T  
O F C O N D IT IO N  3 "
8 2 2 0  FOR BV -  1 TO 3 0 0 0 *  NEXT GV 
t HOME
8 2 3 0  FOR BV -  1 TO 1 0 0 0 *  NEXT GV
8 2 4 0  FOR BX -  1 TO 2
8 2 3 0  HOME I VTAB < 3 > i  P R IN T  GX
8 2 6 0  BOSUB 4000
8270 FOR BV -  I  TO 3 0 0 0 *  NEXT GV 
8280 BOSUB 4300
B 2 4 0  FOR GV -  1 TO 3 0 0 0 *  NEXT GV 
8 3 0 0  GOSUB 4 3 0 0
8 3 1 0  FOR BV -  1 TO 3 0 0 0 *  NEXT GV
0 4 0 3  I F  9 N *  -  " T E S T "  THEN 8 4 8 3  
8 4 1 0  HOME l VTAB < 1 0 ) i  P R IN T  "B E
B IN N IN G  3  P R A C T IC E  T R IA L S " !  P R IN T  
OF PA TTERN  1 2 3 "
8 4 2 0  FOR GV -  1 TO 30001 NEXT GV 
* HONE
8 4 3 0  FOR BV -  1 TO 1 0 0 0 *  NEXT GV
0 4 4 0  FOR GX -  1 TO 3
8 4 3 0  HOME * VTAB ( 3 > *  P R I N T  GX
8 4 6 0  GOSUB 4 7 0 0
8 4 7 0  FOR GV -  1 TO 3 0 0 0 *  NEXT GV
8 4 B B  NEXT GX 
0 4 8 3  GOSUB 8 6 0 0  
8 4 4 0  RETURN
8 6 0 0  HOME * VTAB < 1 0 > *  P R IN T  "P R  
E S S  SPA CE BAR TO C O N TIN U E"
B 6 1 B  GET 8 A * i I F  QA* < > " " THEN
0 6 1 0  
8 6 2 0  RETURN
8 7 0 0  I F  M I D *  ( S N * , 1 , 4 )  -  " T E S T -  
THEN 0 0 4 0  
8 7 1 0  HOME * VTAB ( 1 0 ) t  P R I N T  “ BE 
G I N N I N G  1 3  P R A C T IC E  T R IA L S "
8 7 2 0  P R IN T  “ OF C O N D IT IO N  4 "
B 7 3 0  FOR GV -  1 TO 3000* NEXT GV
8 7 4 0  ST -  IN T  ( 2 3  *  RND <1> > *
3 *■ 1
8 7 3 0  FOR GV -  1 TO 1 0 0 0 *  NEXT GV
B 7 6 B  FOR GX -  0  TO 3
8 7 8 0  HOME t VTAB <3>* P R IN T  GX +
1
8 7 4 0  EW -  TR( GX + 9T>
8 8 0 0  GOSUB 4 0 0 0
0 0 1 0  ON EW GOSUB 4 0 0 0 , 4 3 0 0 , 4 3 0 0  
8 8 2 0  FOR GV -  1 TO 2 0 0 0 *  NEXT GV
8 8 3 0  NEXT GX 
8 8 4 0  GOSUB 8 6 0 0  
8 B 5 B  RETURN 
9 0 0 0  POKE P 0 , T 4 ( E W , 1 >
9 0 1 0  FOR W  ■ 1 TO 1 2 0 0 *  NEXT W
9 0 1 3  GOTO 9 0 4 0  
9 0 2 0  POKE P O ,T 4 ( E M ,2 )
9 0 3 0  FOR VV -  1 TO 1 2 0 0 *  NEXT W
9 0 4 0  POKE P O .B
9 0 3 0  FOR VV -  1 TO 1 2 0 0 *  NEXT VV 
9 0 6 0  RETURN
8 3 2 0  NEXT BX 
8 3 2 3  BOSUB 0 6 0 0  
8 3 3 0  RETURN 
0 4 0 0  REM C O N D IT IO N  6
Computer program for Experiment 3
1 rem **•#******•******••*•••*•
2  REM *  THE V A R IA B L ES *
3  REM •  E R i I S  THERE A ERROR IN
TI ME
4  REM *  P F i  P R IN T  THE TIM E Y - 1 , N
-O
5  REM *  XYi  TO S P E C IF Y  THE C R I T E
R 1 A TI ME
I B  REM • • * * • • * • • * ♦ • * • * * * • * • * * * • *
*••••
9 0  P R IN T  CHR* ( 4 ) | " N O M O N I , 0 , C "
1 0 0  REM I N I T I A L I Z E  THE IN PU T
1 1 0  DIM  A ( 1 2 1 , 7 ) , T R ( 1 0 0 ) , T 4 < 3 , 2 )
, T P <31 
1 2 0  SLOT -  4
1 3 0  REM I N I T  THE I / O  BOARD
1 4 0  PE  -  4 9 3 3 2 *  PO -  4 9 3 2 0 *  POKE P 
O + 1 , 0 *  POKE P O , 2 5 3 1 POKE P 
O +■ 1 , 4 *  POKE P O , 0  
1 3 0  POKE P E  ♦  1 , 0 *  POKE P E , 0*  POKE 
PE  ♦  1 , 4  
2 1 6  TP  t 1 ) -  1 0 3 0  
2 1 0  T P <21 -  9 0 0
2 2 0  T P ( 3 )  -  1 2 0 0
2 4 6  T 4  < 1 , 1 )  -  2  
2 4 8  T4  1 1 , 2 )  -  1 4 2  
2 3 0  T 4 ( 2 , 1 > - 1 6  
2 3 2  T 4  < 2 , 2 1  -  1 0 0  
2 3 4  T4  < 3 , 1 >  -  3 2  
2 3 6  T 4 ( 3 , 2 )  -  1 7 2
7 6 0  I F  PEE K  <PE) -  2 3 4  THEN 4 7 6  
0
9 0 0  HOME i VTAB ( 7 1 *  P R I N T  “
IN PU T  THE NAME OF THE SUB 
J E C T "
9 0 3  P R I N T  “ DO NOT STA R T T
HE NAME WI TH 1 - 9 “
9 1 0  IN P U T  S N * * I F  S N *  -  " "  THEN 
9 0 0
9 1 3  VTAB < 1 1 1 *  P R IN T  “ S U B JE C T  ID
9 1 6  IN PU T I D i  I F  <ID  < 11 OR < ID  
> 1 0 0 0 1  THEN 9 1 6  
1 0 0 0  REM STA R T THE EX PER IM EN T 
1 0 1 0  HOME I VTAB < 9 ) 1  P R IN T  “ MHA 
T C O N D IT IO N  I S  WANTED 1 - 4 “ 
1 0 2 0  INPUT Ml I F  <W < 1 ) OR <W > 
4 )  THEN BOTO 1 0 1 0
1 0 3 0 ON W 8 O 8 U 0  3 0 0 0 , 3 2 0 0 , 3 4 0 0 ,
1 2 0 0 END
1 7 9 0 REM
1 7 9 1 REM
1 7 9 2 REM
1 7 9 3 REM
1 8 0 0 REM
1 8 0 1 REM •
1 8 0 2 REM •  STO RE THE DATA
1 8 0 3 REM •
1 B 0 4 REM * * * * * * * * * # * * ♦ # * • • * * • •
1 8 0 6  P R IN T  CHR* <41
1 8 1 0  P R IN T  CHR* < 4 > | “ O P E N “ | S N *
1 8 1 3  P R IN T  CHR* < 41 |  “ APPEND - | S
N *
1 8 2 0 P R IN T  CHR* <4 > | " W R I T E “ | S N *
1 8 3 0 FOR I -  YYY TO XXX
1 8 4 0 P R IN T  A t I , I ) | " - * A < I , 2 )  
1 “ “ | A  <I , 3 ) | " “ | A  <I ,  
4 ) , “ “ | A  <I , 3 ) | “ “ | A  < 
I , 6 ) | "  “ 1A <I , 7 )
1 8 3 0 NEXT I
I 8 6 0 P R IN T  C H R * ( 4 ) | “ C L O S E " |S N *
1 8 7 0 RETURN
1 9 9 3 REM
1 9 9 6 REM
1 9 9 7 REM
1 9 9 8 REM
1 9 9 9 END
2 0 0 0 REM * * * • * * • • • • • * • • • * • * « * « . •
2 0 0 1 REM •  •
2 0 0 2 REM »  SUBROUT D C  TO READ •
2 0 0 3 REM *  THE T IM E  FROM THE •
2 0 0 4 REM *  CLOCK •
2 0 0 3 REM •  •
2 0 0 6
2 0 0 7 P R IN T  CHR* <4>
2 0 1 0 P R I N T  CHR* ( 4 ) | “ I N # " ( S L O T  
P R IN T  CHR* <4> t " P R # B L O T2 0 2 0
2 0 3 0 IN PU T  “ " J T *
2 0 4 0 P R IN T  CHR* < 4 1 | “ I N 6 0 "
2 0 3 0 P R I N T  CHR* < 4 ) | " P R * 0 “
2 0 6 0 RETURN
2 9 9 0 REM
2 9 9 1 REM
2 9 9 2 REM
3 0 0 0 REM CALCULATE THE IN T E 8 E R  
TI ME
3 0 2 0  H -  VAL < M I D *  < T * , 7 , 2 1 )
3 0 3 0  M -  VAL < M ID * < T S , 1 0 , 2 1 )
3 0 4 0  S  -  VAL ( M ID * < T * , 1 3 , 6 ) 1
3 0 3 0  REM F I N D  THE SECONDS TO DA
TE
3 0 6 0  STD -  H *  3 6 0 0  +  M *  6 0  + S  
3 0 7 0  RETURN
3 9 9 0  REM
3 9 9 1  REM
3 9 9 2  REM
4 0 0 0  REM * * * * * * * * * * * * * * * * * * * * * *
4 0 0 1  REM *  *
4 0 0 2  REM *  SU B R O U TIN E FOR •
4 0 0 3  REM •  L IG H T  S E QUENCE 1 2 3  •
4 0 0 4  REM »  •  
4 0 0 3  REH * * * * * * * * * * * * * * * * * * * * * *  
4 0 1 0  XY -  1
4 1 0 0  POK E P O , 1 I REM TURN ON THE
L IG H T
4 1  IB  FOR W  -  1 TO 1 2 0 0 1  NEXT W
4 1 2 0  POKE P O , B i  REM TURN L IG H T
OFF
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4 1 3 0  FOB W  ■  1 TO 12 N l  NEXT W
4 1 4 0  POKE P G , 1 4 2 t  0 0 8 0 8  2 D O O iT l»
-  T *
4 1 3 0  I F  PEEK  (PE> -  2 3 4  THEN 4 1  
3 0
4 1 6 0  QOSUB 2 0 0 0 1 T 2 «  -  T »
4 1 7 0  I F  PEE K  ( P E )  < > 2 3 3  THEN
BOTO 4 1 7 0  
4 1 8 0  QOSUB 2 0 0 0 1 T 3 *  -  T»
4 1 9 0  I F  PEE K  (P E )  < > 2 3 1  THEN
4 1 9 0
4 2 0 0  GOSUB 2 0 0 0 1 T 4 *  -  T*
4 2 1 0  POKE P O , O
4 2 8 9  "RETURN
4 2 9 0  REN
4 2 9 1  REfl
4 3 0 0  REN • • * # • * # * # * * • * • * * • * * * • •
4 3 0 1  REN *  *
4 3 0 2  REN •  SU B RO U TIN E FOR •
4 3 0 3  REN *  L IG H T  SEQUENCE 3 2 3  *
4 3 0 4  REN *  •  
4 3 0 3  REN * # # # * • * * • * # * • » • * # * * * # *  
4 3 0 7  XY -  3
4 3 1 0  POKE P O , 1
4 3 2 0  FOR VV -  1 TO 1 2B O t NEXT VV 
4 3 3 0  POK E P O ,8
4 3 4 0  FOR W  -  1 TO 1 2 0 0 1  NEXT VV
4 3 3 0  POKE P O , 1 7 2 t  GOSUB 2 0 O 0 t T l *
-  T *
4 3 4 0  I F  PEE K  (P E )  -  2 3 9  THEN 4 3  
6 0
4 3 7 0  QOSUB 2 0 0 0 1 T 2 4  -  TS 
4 3 8 0  I F  PEE K  ( P E )  < > 2 3 3  THEN
4 3 8 0
4 3 9 0  GOSUB 2 f lO O iT 3 *  -  T *
4 4 0 0  I F  PEE K  ( P E )  < > 2 5 1  THEN
4 4 0 0
4 4 1 0  GOSUB 2 0 0 0 I T 4 *  -  T*
4 4 1 5  POKE P O ,B  
4 4 2 0  RETURN 
4 4 3 0  REN 
4 4 4 0  REN
4 5 0 0  REN i t t i f W i t i i i W H i * *
4 3 0 1  REN *  *
4 3 0 2  REH •  SU B R O U TIN E F O R  *
4303 REN •  L IG H T  SEQUENCE 423 *
4 3 0 4  REN •  *  
4 3 0 3  REN * * * * * * * * * * * * * * * * * * * * * *  
4 3 0 7  XV -  2
4 3 1 0  POKE P O , 1
4 3 2 0  FOR W  •  1 TO 1 2 0 O t NEXT W  
4 3 3 0  PO K E P O , 0
4 3 4 0  FO R  W  -  1 TO 1 2 0 0 1  NEXT W
4 3 3 0  POKE P O , 1 8 0 «  GOSUB 2 0 0 0 i T l »  
-  T #
4 3 6 0  I F  PEEK  ( P E )  -  2 4 7  THEN 4 3  
6 0
4 3 7 0  6 0 8 U B  2 0 0 0 i T 2 «  -  T *
4 3 8 0  I F  P E E K  (P E )  < > 2 3 3  THEN 
4 3 8 0
4 3 9 0  8 0 S U B  2 0 0 0 1 T 3 *  -  T *
4 6 0 0  I F  P E E K  (P E )  < > 2 3 9  THEN 
4 6 0 0
4 6 1 0  8 0 S U B  20001T 4 *  -  T *
4 6 1 3  POKE P O .f l  
4 6 2 0  RETURN 
4 8 3 0  REN 
4 8 4 0  REN 
4 8 3 0  REN
5 0 0 0  REN * * * * * * * * * * * * * * * * * * * * * *
5 0 0 1  REN •  •
3 0 0 2  REN *  C O N D IT IO N  1 •
5 0 0 3  BOSUB 8 0 0 0
5 0 0 4  EW -  I t  HONE
5 0 0 3  FOR W  -  1 TO 1 2 0 0 1  NEXT W
3 0 1 0  FOR I -  O TQ 3 0  
3 0 2 0  E l  -  O
5 0 2 3  REN S E T  P R IN T  ERROR ON 
3 0 2 6  P F  -  1 
3 0 3 0  BOSUB 4 0 0 0  
5 0 4 0  GOSUB 7 0 0 0
3 0 5 0  HONE i FOR TF  -  1 TO 3 0 0 1  NEXT 
TF
5 0 6 0  I F  ( E l  > 0 )  THEN 3 0 2 0  
3 1 0 0  NEXT 1
3 1 1 0  REN STO R E THE DATA 
3 1 1 5  YYY *  1
3 1 2 0  XXX -  3 0 I GOSUB 1 8 0 0 1 N * -  "N
W
3 1 3 0  REN WAI T F IV E  N IN U T E S  
3 1 4 0  HONE 1 P R IN T  "W A IT IN G  F I V E  
N IN U T E S  —  P R E S S  SPA C E  BAR T 
O C O N T IN U E "
3 1 3 0  GET I* i  I F  Z *  < > "  ■ THEN
3 1 3 0  
5 1 3 2  EW -  1
3 1 5 3  FOR I -  31  TO 4 0  
3 1 3 6  HONE t VTAB ( 1 0 ) 1  P R I N T  I 
3 1 6 0  E l  -  0 1 P F  -  0 i  GOSUB 4 0 0 0 *  GOSUB
7 0 0 0 1  I F  ( E l  > 0 )  THEN 3 1 6 0
3 1 7 0  NEXT I 
5 1 7 3  YYY -  31
3 1 8 0  XXX -  YYY *  9* GOSUB 1 8 0 0
3 1 9 9  RETURN
3 2 0 0  REN » * * » * * * * * ♦ > ■ * * * * * * * * * *
3 2 0 1  REN *  •
3 2 0 2  REN •  C O N D IT IO N  2  »
3 2 0 3  REN •  •
3 2 0 3  REN • • • • * • • • • • • • • • • • » • • * • *
5 2 0 6  GOSUB 8 0 0 0
3 2 0 9  EW «  1 i  HONE
3 2 1 0  FOR I -  O TO 3 0
3 2 1 4  REN S E T  NO ERROR AND P R IN T  
THE T IN E S  AND ERRORS 
3 2 1 3  E l  -  O t P F  -  1 
3 2 2 0  GOSUB 4 0 0 0  
3 2 3 0  GOSUB 7 0 0 0
X41
3 2 3 3  FOR H -  1 
3 2 3 3  I F  E l  -  I 
3 2 3 6  HOME 
3 2 4 0  I F  ( E l  >
TO 3 0 0 t  NEXT H 
I THEN 3 2 4 0
0 )  THEN GOTO 3 2 1 3
3 2 4 3
3 2 4 0
3 2 3 0
3 2 3 3
3 2 6 0
3 2 6 3
3 2 7 0
3 2 0 0
3 2 0 3
3 2 B 9
3 2 9 0
3 3 0 0
3 3 0 3
3 3 0 7
3 3 0 0
3 3 1 0
3 3 2 0
3 3 2 3
3 3 3 0
3 3 4 0
3 3 4 3
3 3 3 0
3 3 9 9
5 4 0 0
3 4 0 1
3 4 0 2
REF) MAY WANT TO COMPUTER T 
□ COUNT TW EN T Y -FIV E  SECONDS 
HOME
FOR H -  1 TO 1 0 3 0 0 1  NEXT H 
I F  W < > 3  THEN 3 2 7 0
HOME i VTAB ( 1 0 ) 1  P R I N T  "P R  
E S S  SPACEBAR TO C O N TIN U E"
GET WO*I I F  WO* < > " “ THEN
3 2 6 3  
NEXT 1
REM STO R E THE DATA FROM TH 
I S  EX PERIM EN T 
YYY »  l i X X X  -  3 0  
N * -  " Y M 
GOSUB 1 0 0 0 1 N * -  " N " i  REM C 
HANGE TO OLD S U B JE C T  
REM WAI T 3  M IN U TES AND THE 
N DO TEN R E T E N T IO N  ON A 
HOME I P R I N T  " W A I T I N G  F I V E  
M IN UTES —  P R E S S  SPA C E BAR T 
□ C O N T IU E "
GET Z * i  I F  2 *  < > -  -  TKCN
3 3 0 3  
EW -  1 
FOR I -  3 1  TO 4 0  
E l  -  0 1 P F  *  01 REM DO NOT
SHOW THEN TI ME 
HOME t P R IN T  I 
GOSUB 4 0 0 0 1  GOSUB 7 0 0 0  
I F  <E1 > 0> THEN 3 3 2 0  
NEXT I
YYY -  3 1 tXXX -  YYY ♦  9 i  GOSUB
RETURN
REM * * * * * * * * * * * * * * * * * * * * * *
REM *  *
REM *  C O N D IT IO N  3  «
3 4 0 3  GOSUB 8 2 0 0
3 4 0 4  HOME 
3 4 0 3  1 - 0
3 4 1 0  FOR 8 0  -  0  TO 3 0  
3 4 1 2  I F  8 0  -  1 THEN 1 - 0  
5 4 1 3  I -  I  + 1
3 4 1 7  E l  -  0 1 P F  -  1
3 4 1 8  EW -  1
3 4 2 0  G O 8U 0 4 0 0 0 t  GOSUB 7 0 0 0 1  I F  
( E l  > 0 )  THEN 3 4 1 7  
3 4 3 0  HOME I FOR W  -  1 TO 1 2 0 0 1
W
3 4 3 3  GOTO 3 4 4 3
3 4 4 0  GET X * i I F  X# < > “ “ THEN
3 4 3 0  
3 4 4 3  1 — 1 * 1  
3 4 4 7  E l  -  0  
3 4 4 B  EW -  2
3 4 3 0  GOSUB 4 3 0 0 1  GOSUB 7 0 0 0 1  I F  
( E l  > 0> THEN 3 4 4 7
3 4 6 0  HOME i FOR W  -  1 TO 1 2 0 0 1  NEXT
W
3 4 6 3  GOTO 3 4 7 3
3 4 7 0  GET X * i I F  X* < > “ “ THEN
3 4 6 0
3 4 7 3  I -  I * 1
3 4 7 7  E l  -  0
3 4 7 8  EW -  3
3 4 8 0  GOSUB 4 3 0 0 1  GOSUB 7 0 0 0 1  I F  
( E l  > 0> THEN 3 4 7 7
3 4 9 0  HOME t FOR W  -  1 TO 1 2 0 0 1  NEXT 
W
3 4 9 3  GOTO 3 3 2 0
3 3 0 0  GET X 4 i I F  X* < > * “ THEN
3 4 9 0
3 3 2 0  NEXT BQ
3 3 3 0  REM STO RE THE DATA AND S E T  
THE S U B JE C T  TO OU> S U B JE C T
3 3 3 3  YYY -  l i X X X  -  9 0 i  GOSUB 1 8 0 0  
tN *  -  "N "
3 3 3 6  REM WAI T F I V E  M IN U TES THE 
N DO THE R E T E N T IO N  T R IA L S
3 3 3 7  HOME I P R I N T  " W A I T I N G  F I V E  
M IN U TES —  P R E S S  SPA C E BAR T 
O C O N T IN U E "
3 3 3 8  GET Z * i  I F  X9 < > “ " THEN 
3 3 3 7
3 3 3 9  EW -  1
3 3 4 0  FOR I -  9 1  TO 1 0 0
3 3 4 2  HOME 1 P R IN T  1
3 3 4 3  E l  -  0 t P F  -  0 t  GOSUB 4 0 0 0 1  GOSUB 
7 0 0 0 1  I F  ( E l  > 0 1  THEN 3 3 4 3
3 3 3 0  NEXT I
3 3 6 0  REM STO R E T H IS  DATA
3 3 7 0  YYY -  9 1 i XXX -  YYY *  9 i  GOSUB
3 9 9 1
3 9 9 4
NEXT
1 8 0 0
RETURN
REM
*
REM m
•
REM * C O N D IT IO N  4
»
REM •
•
REM * * * *  •
•
FOR O - 1 TO 9 0  S T E P  3
TR (Q> — IN T  ( 3  *  RND ( 1 > )
1
TR (G ♦  1) -  I NT ( 3  *  RND (
1)  i *■ 1
6 0 3 0  I F  T R ( Q )  -  T R ( Q  + 1 )  THEN 6
6 0 4 0  TR (O  * 21  -  6  -  <TR<Q> ♦  TR < 
Q + 1)  )
6 0 S 0  NEXT O 
6 0 6 0  GOSUB 8 7 0 0  
6 0 6 3  HOME
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7 3 9 ®  REH I F  P R  I S  -  1 THEN P R I N  
T ERROR E L S E  RETURN TO THE C
□ n o i t i o n  t h a t  c a l l e d  t h e  r o u
T I NE
7 3 9 9  I F  P F  -  0  THEN 7 3 0 0
7 4 0 0  REM P R I N T  TO THE SCREEN 
7 4 1 0  REM TH ESE ARE THE CORECT T
IM ES
7 4 2 0  HOME f VTAB < 3) * P R I N T  I 
7 4 2 3  I F  ( E 2  < -  43>  AND <E2 >
-  4 3 )  THEN P R I N T  "MOVEMENT 
C O R R E C T "! BOTO 7 4 3 ®
7 4 2 7  IF  E 2  > 0  THEN 7 4 3 2
7 4 3 0  V T '-B  < 7 ) 1  P R I N T  "MOVEMENT E 
RROR " | E 2 | "  TOO F A S T "
7 4 3 1  GOTO 7 4 3 0
7 4 3 2  VTAB < 7 > i  P R I N T  “ MOVEMENT E 
RROR " ( E 2 | “ TOO SLOW"
7 4 3 0  VTAB < 1 0 )
7 4 3 7  I F  < E 1 > 0> THEN 7 4 3 9
7 4 3 8  GOTO 7 3 0 0
7 4 3 9  I F  P F  -  0  THEN i HOME I P R I N T  
" T R I A L  MI L L  BE DONE OVER " !  GOTO 
7 3 0 0
7 4 4 0  IF  E l  -  1 THEN P R I N T  "MOVE 
MENT TI ME  TOO SLOW ERROR—  T 
R I A L  MI L L  BE DONE OVER"
7 4 7 0  I F  E l  -  2  THEN P R I N T  “ MOVE 
MENT TI ME TOO FA ST  ERROR—  T 
R I A L  WI LL BE DONE OVER"
7 4 9 3  I F  ( E l  *  0 )  THEN BOTO 7 3 1 0
7 3 0 0  FOR W  -  1 TO 3 0 0 0 !  NEXT W
7 3 1 0  RETURN
B 0 0 0  REM C O N D IT IO N S  1 , 2
0 0 0 3  I F  M I D *  ( S N * , l , 4 >  -  “ T E S T "
THEN 0 0 6 3  
8 0 1 0  HOME t VTAB ( 1 0 ) 1  P R I N T  “ BE
□ I N N I N G  3  P R A C T IC E  T R I A L S " !  P R I N T  
OF PATTERN 1 2 3 "
8 0 2 0  FOR QV <  1 TO 3 0 0 0 1  NEXT GV 
i HOME
8 0 2 3  FOR BV -  1 TO 1 0 0 0 !  NEXT GV
8 0 3 0  FOR 8X  -  I  TO 3
8 0 3 3  HOME i VTAB < 3 > i  P R I N T  BX
0 8 4 ®  p o m )#  4 0 0 0
8 0 3 0  FOR GV -  1 TO 3 0 0 0 !  NEXT BV
8 0 6 0  NEXT 8X
8 0 6 3  8 O S U 0  8 6 0 0
8 0 7 0  RETURN
8 2 0 0  REM C O N D IT IO N  3
8 2 0 3  I F  M ID *  < S M * , 1 , 4 >  -  " T E S T "
THEN 8 3 2 3  
8 2 1 0  HOME I VTAB ( 1 0 ) 1  P R I N T  "B E
G IN N IN G  3  P R A C T IC E  T R IA L S " !  P R I N T  
OF C O N D IT IO N  3 "
8 2 2 0  FOR GV -  I TO 3 0 0 0 1  NEXT GV
l HOME
8 2 3 0  FO R  GV -  1 TO 1 0 0 0 1  NEXT GV
6 a 7 a  i  -  0 i p f  -  l
6 0 8 0  FOR EM -  3  TO 1 S T E P  -  1 
6 0 8 3  E l  -  0  
6 0 9 0  GOSUB 9 0 0 0
6 1 0 0  ON EM GOSUB < 0 0 0 , 4 3 8 0 , 4 3 0 8
6 1 1 0  GOSUB 7 0 0 0 1  I F  ( E l  > 0 )  THEN 
6 0 8 3
6 1 2 0  HOME i FOR W  -  1 TO 1 2 0 0 1  NEXT 
W
6 1 3 0  NEXT EW
6 1 4 0  FOR I -  1 TO 9 0
6 1 3 0  EM -  TR < I )
6 ) 3 3  E l  -  a  
6 1 6 0  GOSUB 9 0 0 0
6 1 7 0  ON EM GOSUB 4 0 0 0 , 4 3 0 0 , 4 3 0 0
6 1 8 0  GOSUB 7 0 0 0 1  IF  ( E l  > 0>  THEN 
6 1 3 3
6 1 9 0  HOME i FOR VV -  1 TO 1 2 0 0 !  NEXT 
VV
6 2 0 0  NEXT I
6 2 1 0  YYY -  l i X X X  -  9 0 t  GOSUB 1 8 0 0  
: N* -  "N "
6 2 2 0 GOSUB 3 3 3 6
6 2 3 0 RETURN
7 B 0 0 REM • » * • * * • • * « • » • • • • • • • * * •
7 0 0 1 REM * *
7 0 0 2 REM •  CALCULATE THE TI ME *
7 0 0 3 REM *  RT , M l , M 2 , M3 *
7 0 0 4 REM • •
7 0 0 3 REM * • • * * • • • * • * • * » » • • * * • • •
7 0 1 0 T * «
D
T l * i GOSUB 3 0 0 0 ! T1 -  ST
7 0 1 3 T 1 - IN T ( T 1 » 1 0 0 0 )
7 0 2 0 T *  -  
D
T 2 » l GOSUB 3 0 0 0 ! T 2 -  ST
7 0 2 5 T 2  - IN T ( T 2  * 1 0 0 0 )
7 0 3 0 T »  -
D
T 3 * i GOSUB 3 0 0 0 1  T 3 «  ST
7 0 3 3 T 3  - IN T <T3 * 1 0 0 0 )
7 0 4 0 T *  -
D
T 4 » i GOSUB 3 0 0 0 ! T 4 -  ST
7 0 4 3 T 4 - IN T ( T 4  * 1 0 0 0 )
7 0 3 0 REM STO R E THE DATA IN THE
ARRAY
7 0 6 0 A ( I  , 1 ) - Mi REM C O N D I T I O N  T
YPE
7070 A ( I , 2 )  -  I D i  REM S U B JE C T  ID  
NUMBER
7073 A <I , 3 )  -  I i  REM T R I A L  NUMBE 
R
7077 A ( 1 , 4 )  - E M
7080 A ( I ,3) -  ( T 3  -  T 2 > !  REM S
EGMENT ONE TI ME
7090 A d , 6 )  -  ( T 4  -  T 3 ) l  REM S
EGMENT TWO TI ME
7100 A d ,  7) -  T 2  -  T i l  REM RE AC 
T I O N  TI ME
7103 E 2  -  A d , 3) * A d , 6 )  -  T P ( E W 
>
7110 I F  E2 > 730 THEN E l  -  1
7120 I F  E2 < - 730 THEN E l  -  2
8 2 4 9  FOR BX -  1 TO 2
0 2 5 9  HOME I VTAB < 3 > i  P R I N T  BX
8 2 6 9  8 0 9 U B  4 9 9 9
8 2 7 9  FOR BV ■ 1 TO 3 B 9 9 t  NEXT GV 
B 2 8 9  GOSUB 4 3 0 9
8 2 9 0  FOR GV «  1 TO 3 0 0 0 1  NEXT GV 
0 3 0 9  BOSUB 4 3 0 0
B 3 1 0  FOR GV *  1 TO 3 0 0 0 1  NEXT BV
8 3 2 0  NEXT BX
8 3 2 3  GOSUB S 6 0 9
8 3 3 9  RETURN
S 4 0 9  REN C O N D IT IO N  6
B 4 9 S  I F  S N *  -  '‘ T E S T " THEN 8 4 8 5
8 4 1 9  HONE t VTAB ( 1 0 ) t P R I N T  "BE
G I N N I N G  3  P R A C T IC E  T R I A L S ” ! P R I N T  
OF PA TTERN  1 2 3 "
8 4 2 9  FOR BV -  1 TO 3 0 0 0 1  NEXT BV 
l HOME
8 4 3 0  FOR BV -  1 TO 1 0 0 0 1  NEXT BV
8 4 4 0  FOR BX -  1 TO 3
8 4 3 0  HOME I VTAB ( 3 ) t  P R I N T  GX
8 4 6 0  GOSUB 4 7 0 0
8 4 7 0  FOR BV -  1 TO 3 0 0 0 t NEXT GV
8 4 8 9  NEXT BX 
B 4 8 S  BOSUB 8 6 0 0
8 4 9 0  R E T U R N
B 6 0 0  HOME l VTAB < 1 0 ) 1  P R I N T  "P R  
E S S  S PA C E  BAR TO C O N TIN U E"
8 6 1 0  BET O A Si I F  QAS < > " “ THEN
8 6 1 0  
8 6 2 0  RETURN
8 7 0 9  I F  M I D *  I S N * , 1 , 4 >  -  " T E S T "
THEN 8 8 4 9
8 7 1 0  HOTC I VTAB < 1 9 ) i  P R I N T  "B E  
G IN N IN G  1 3  P R A C T IC E  T R IA L S "
8 7 2 0  P R I N T  "  OF C O N D IT IO N  4 "
8 7 3 0  FOR GV -  1 TO 3 0 0 9 i  NEXT BV
8 7 4 0  S T  -  IN T  < 2 3  * RND < 1 ) )  *
3  + 1
8 7 3 0  FOR GV »  1 TO 1 0 0 0 !  NEXT BV
8 7 6 0  FOR BX *  0  TO 3
8 7 8 9  HOME I VTAB < 3 > i  P R I N T  BX ♦
1
8 7 9 9  EW -  TR <GX *  ST>
8 8 9 0  BOBUB 9 9 9 8
8 8 1 0  ON EW BOSUB 4 0 0 9 , 4 3 0 9 , 4 3 9 9
8 8 2 9  FOR 8 V  •  1 TO 2 0 0 0 !  NEXT BV
8 8 3 0  NEXT 8X 
8 8 4 9  BOSUB 8 6 9 9  
8 8 3 9  RETURN
9 0 0 9  POKE P O , T 4 ( E W , 1 )
9 0 1 9  FOR W  -  1 TO 1 2 0 0 1  NEXT W
9 0 1 3  GOTO 9 9 4 0
9 0 2 9  POKE P O , T 4  < EW, 2  >
9 0 3 9  FOR W  *  1 TO 1 2 0 0 1  NEXT VV
9 0 4 9  POKE P O , 0
9 0 3 0  FOR W  -  I  TO 1 2 0 0 !  NEXT W
9 0 6 9 RETURN
Appendix D 
Results of the ANOVA* s for Experiment 1, 
2, and 3 Respectively.
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'Eable 1
ANOVA for Experiment. 1: AE acquisition data for
Source df SS F
Condition 3 279970.21 5.90
Subject{condition) 56 885849.36 4.61
Block 5 512970.00 29.91
Condition*Block 15 97141.40 1.89
Error 280 960527.60
0.0014
0.0001
0.0001
0.0243
Source df SS
Condition 3 144197.44 2.57
Subject (condition) 56 1047711.96 4.05
Block 5 507371.22 21.97
Condition*Block 15 100727.77 1.45
Error 280 1293535.40
Source df SS F
Condition 3 780286.79 5.12
Subject(condition) 56 2844188.45 5.03
Block 5 2004181.38 39.73
Condition*Block 15 284751.82 1.88
Error 280 2824950.51
0.0634
0.0001
0.0001
0.1222
0.0034
0.0001
0.0001
0.0249
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Tfcble 2
ANOVA for Experiment 1; ACE acquisition data for the first,
second and oontoined segments.
Source df SS F P
Condition
Sub ject(condit ion)
Block
Condition*Block 
Error
3
56
5
15
280
536130.31 
1259249.26
542073.22
178795.23 
1472966.10
7.95
4.27 
20.61
2.27
0.0002
0.0001
0.0001
0.0050
Source df SS F p
Condition
Subject(condition)
Block
Condition*Block 
Error
3
56
5
15
280
109743.95
1104365.24
562447.49
215578.82
1872329.16
1.85 
2.95 
16.82 
2.15
0.1478
0.0001
0.0001
0.0082
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block
Error
3
56
5
15
280
1114945.18 
2996264.99 
2155453.04 
696241.54 
4123405.52
6.95
3.63
29.27
3.15
0.0005
0.0001
0.0001
0.0001
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T^ble 3
ANOVA for Experiment 1: VE acquisition data for the first,
second and cctrbined segments.
Source df SS F P
Condition
Sub ject(condition)
Block
Conditional ock 
Error
3
56
5
15
280
97121.11
291789.67
22599.48
127531.99
1021079.78
6.43
1.38
1.24
2.33
0.0008
0.0491
0.2907
0.0037
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
56
5
15
280
181322.42
887868.80
94844.37
107140.92
1329203.95
3.81
3.34
4.00
1.50
0.0148
0.0001
0.0016
0.1026
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block
Error
3
56
5
15
280
518298.92
1586457.49
186875.12
354489.82
2606587.89
6.10
3.04
4.01
2.54
0.0012
0.0001
0.0016
0.0015
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Table 4
ANOVA for Experiment 1: CE acquisition data for the first,
second and ccntoined segments.
Source df SS F P
Condition
Sub j ect {condi t ion)
Block
Condi t ion*B1ock 
Error
3
56
5
15
280
801114.60 
1820957.88
763252.34
166567.61 
2069268.82
8.21
4.40
20.66
1.50
0.0001
0.0001
0.0001
0.1033
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
56
5
15
280
1345285.98 
1905491.65 
1326979.39
387967.82
3569627.99
13.18 
2.67 
20.82 
2.03
0.0001 
0.0001 
0.0001 
0.0136
Source df SS F P
Condition
Sub j ecrt {condi tion)
Block
Condition*Block 
Error
3
56
5
15
280
4179939.46
4711713.26
4026897.64 
859142.33
7224610.65
16.56
3.26
31.21
2.22
0.0001
0.0001
0.0001
0.0061
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T^ble 5
ANOVA for Experiment 1; AE data for the last block of
acquisition and 5 min retention on the first, second and
combined segments.
Source df SS F P
Condition 3 25673.73 0.94 0.4289
Subject(condition) 56 511386.89 3.39 0.0001
Block 2 21783.56 4.05 0.0201
Condition*Block 6 22785.32 1.41 0.2165
Error 112 301397.63
Source df SS F P
Condition 3 44518.51 1.36 0.2650
Subject(condition) 56 611893.38 3.13 0.0001
Block 2 30760.96 4.40 0,0144
Condition*Block 6 17792.68 0.85 0.5347
Error 112 391070.71
Source df SS F P
Condition 3 101752.46 1.25 0.2999
Subject(condition) 56 1517688.17 5.34 0.0001
Block 2 52855.35 4.16 0.0181
Cond i t ion* Block 6 41999.15 1.10 0.3661
Error 112 711870.67
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Table 6
ANOVA for Experiment 1; ACE data for the last block of
acquisition and 5 min retention on the first, seoond and
oontoined segments.
Source df SS F P
Condition
Sub ject (condition)
Block
Condition*Block 
Error
3
56
2
6
112
44380.56
662128.45
39725.91
26099.99
532211.06
1.25
2.49
4.18
0.92
0.3000
0.0001
0.0178
0.4867
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block
Error
3
56
2
6
112
44808.39 
805041.35 
86916.13 
30357.51 
629468.74
1.04
2.56
7.73
0.90
0.3825
0.0001
0.0007
0.4975
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
56
2
6
112
2951.48
1747880.93
169688.10
61913.82
1200592.27
0.03
2.91
7.92 
0.96
0.9924
0.0001
0.0006
0.4539
151
Tbble 7
ANOVA for Experiment 1; VE data for the last block of
acquisition and 5 min retention on the first, second and
ccntoined segments.
Source df SS F P
Condition 3 90077.14 7.65 0.0002
Subject(condition) 56 219692.61 1.50 0.0352
Block 2 5808.63 1.11 0.3327
Condition*Block 6 15116.19 0.96 0.4530
Error 112 292713.21
Source df SS F P
Condition 3 41319.53 2.70 0.0546
Subject(condition) 56 286188.38 1.63 0.0142
Block 2 10398.69 1.66 0.1942
Condi t i on* B1ock 6 4881.53 0.26 0.9541
Error 112 350108.40
Source df SS F P
Condition 3 238583.12 6.65 0.0006
Sub ject (condition) 56 670010.17 1.87 0.0025
Block 2 30472.77 2.39 0.0965
Condition*Block 6 23870.04 0.62 0.7112
Error 112 714699.37
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Tkble 8
ANOVA for Experiment 1; CE data for the last block of
acquisition and 5 min retention on the first, second an
combined segments.
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block
Error
3
56
2
6
112
160134.62
1766451.91
37425.20
72070.63
751242.94
1.69
4.70
2.79
1.79
0.1791 
0.0001 
0.0657 
0.1073
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
56
2
6
112
57906.94
2193802.68
199400.85
54800.16
1208408.72
0.49
3.63
9.24
0.85
0.6888
0.0001
0.0002
0.5368
Source df SS F P
Condition
Subject{condition)
Block
Condition*Block
Error
3
56
2
6
112
387940.72
5783043.65
408886.10
211312.77
2840160.16
1.25
4.07
8.06
1.39
0.2996 
0.0001 
0.0005 
0.2253
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Table 9
ANOVA for Experiment 1; AE data for the last block of
acquisition and 1 week retention on the first, second and
ccrrtoined segments.
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
56
2
6
112
35215.55
693994.14
148819.91
38597.26
556496.45
0.95
2.49
14.98
1.29
0.4241
0.0001
0.0001
0.2654
Source df SS F P
Condition
Sub ject(condition)
Block
Condition*Block 
Error
3
56
2
6
112
28983.20 
827682.98 
76920.33 
70978.64 
884254.46
0.65
1.87
4.87 
1.50
0.5840
0.0025
0.0094
0.1851
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
56
2
6
112
96202.13
2077716.82
400317.85
178163.47
1829117.91
0.86
2.27
12.26
1.82
0.4651
0.0001
0.0001
0.1018
154
T&ble 10
ANOVA for Experiment 1: ACE data for the last block of
acquisition and 1 week retention on the first second and
oort>ined segments.
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
56
2
6
112
52477.07 
828818.83 
226426.59 
51356.56 
876080.07
1.18
1.89
14.47
1.09
0.3249
0.0022
0.0001
0.3703
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block
Error
3
56
2
6
112
102411.06
2240936.18
837903.32
245638.66
2396097.84
0.85
1.87
19.58
1.91
0.4709
0.0026
0.0001
0.0846
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
56
2
6
112
102411.06 
2240936.18 
837903.32 
245638.66 
2396097.62
0.85
1.87
19.58
1.91
0.4709
0.0026
0.0001
0.0846
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Tfcble 11
ANOVA for Experiment 1: VE data for the last block of
acquisition and 1 week retention on the first, second and
ccrtoined segments.
Source df SS F P
Condition
Subject(condition)
Block
Condition*B1ock 
Error
3
56
2
6
112
25289.61 
252257.69 
41929.52 
69406.39 
367568.32
1.87
1.37
6.39
3.52
0.1449
0.0791
0.0024
0.0031
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
56
2
6
112
4557.08 
333520.07 
48328.16 
36251.71 
476129.38
0.26
1.40
5.68
1.42
0.8574
0.0665
0.0045
0.2127
Source df SS F P
Condition
Subject(condition)
Block
Condi t ion*Block 
Error
3
56
2
6
112
50267.89
774952.73
180253.71
169182.77
1067513.86
1.21
1.45
9.46 
2.96
0.3143
0.0483
0.0002
0.0102
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Table 12
ANOVA for Experiment 1: CE data for the last block of
acquisition and 1 week retention on the first, second and
combined segments.
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block
Error
3
56
2
6
112
140477.07
1639413.55
198387.97
140287.88
1238070.68
1.60
2.65
8.97
2.25
0.1998 
0.0001 
0.0002 
0.0434
Source df SS F P
Condition
Sub j ect{condi tion)
Block
Condition*Block
Error
3
56
2
6
112
105851.81
3117287.02
218686.31
98665.64
2065957.48
0.63
3.02
5.93
0.89
0.5963
0.0001
0.0036
0.5038
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
56
2
6
112
468784.48
7557475.48
828987.88
440096.75
5043217.75
1.16
3.00
9.21
1.63
0.3340 
0.0001 
0.0002 
0,1456
Tbble 13
ANOVR for Experiment 2; AE, ACE, VE and CE acquisition data.
Source df SS F P
Condition
Subject{condition)
Block
Oondition*Block 
Error
3
56
5
15
280
2169.30
314783.66
225809.66 
36042.62
572925.55
0.13
2.75
22.07
1.17
0.9427
0.0001
0.0001
0.2912
Source df SS F P
Condition
Sub j ect f condi tion)
Block
Condition*Block
Error
3
56
5
15
280
14987.12
236578.43
78766.22
52295.34
579543.20
1.18
2.04
7.61
1.68
0.3247
0.0001
0.0001
0.0535
Source df SS F P
Condition
Subject{condition)
Block
Oondition*Block 
Error
3
56
5
15
280
9216.45
352845.68
228578.33
60725.34
757151.36
0.49
2.33
16.91
1.50
0.6923
0.0001
0.0001
0.1053
Source df SS F P
Condition 3 84163.64 3.21 0.0299
Subject (condition) 56 490120.74 2.01 0.0001
Block 5 167232.90 7.70 0.0001
Condit ion *B1ock 15 116671.81 1.79 0.0357
Error 280 1216753.97
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Table 14
ANOVR for Experiment 2: AE, ACE, VE and CE data for the
last block of acquisition and 5 min retention.
Source df SS F P
Condition 3 4223.56 0.34 0.7942
Subject(condition) 56 229771.23 2.39 0.0001
Block 2 10030.67 2.92 0.0578
Condi t ion*B lock 6 7885.19 0.77 0.5980
Error 112 192092.16
Source df SS F P
Condition 3 11001.39 0.89 0.4539
Subject(condition) 56 231694.57 1.94 0.0016
Block 2 53389.64 12.49 0.0001
Condition*Block 6 11917.40 0.93 0.4770
Error 112 239403.62
Source df SS F P
Condition 3 6730.58 1.10 0.3588
Subject{condition) 56 114726.17 1.44 0.0537
Block 2 10507.36 3.68 0.0283
Condition*Block 6 8020.28 0.94 0.4719
Error 112 159866.91
Source df SS F P
Condition 3 49977.03 1.29 0.2873
Subject(oondition) 56 724079.32 3-63 0.0001
Block 2 22760.74 3.20 0.0446
Condition*Block 6 35496.20 1.66 0.1369
Error 112 398697.97
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Table 15
ANOVA for Experiment 2t AE, ACE, VE, and CE data for the
last block of aoquisition and 1 week retention.
Source df SS F P
Condition 3 15630.62 0.29 0.8332
Subject(condition) 56 1009954.36 3.28 0.0001
Block 2 127081.98 11.54 0.0001
Condition*Block 6 22578.20 0.68 0.6633
Error 112 616668.62
Source df SS F P
Condition
Subject (condition)
Block
Condition*Block 
Error
3
56
2
6
112
18499.29
1145360.04
264267.15
30292.03
775756.07
0.30
2.95
19.08
0.73
0.8242
0.0001
0.0001
0.6273
Source df SS F P
Gondition
Subject(condition)
Block
Condi tion*Block 
Error
3
56
2
6
112
4657.51
179080.62
7541.08
5516.08 
207514.00
0.49
1.73
2.04
0.50
0.6916
0.0074
0.1355
0.8101
Source df SS F P
Condition 3 187277.15 1.53 0.2176
Subject(condition) 56 2289906.77 4.55 0.0001
Block 2 20107.23 1.12 0.3300
Condition * B1ock 6 83459.69 1.55 0.1687
Error 112 1005557.86
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T^ble 16
ANOVA for Experiment 3: AE acquisition data between
conditions for the first, second and combined segments of the
900-1200 ms task only and collapsed for order in the Blocked
and Blocked-Inroediate Retention conditions.
Source df SS F P
Condition
Subject (condition)
Block
Condition*Block 
Error
3
68
8
24
544
295836.02
1896342.18
1738491.49
267112.57
2516982.28
3.54
6.03
46.97
2.41
0.0192
0.0001
0.0001
0.0002
Source df SS F p
Condition
Subject(condition)
Block
Condi tion *B1 ock 
Error
3
68
8
24
544
107388.73
1408294.96
1244629.55
77497.51
2876940.92
1.73
3.92
29.42
0.61
0.1694
0.0001
0.0001
0.9278
Source df SS F P
Condition
Subject{condition)
Block
Condi tion*Block 
Error
3
68
8
24
544
583341.89
5248475.18
5875619.51
433616.85
6612407.93
2.52
6.35
60.42
1.49
0.0653
0.0001
0.0001
0.0357
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T^ble 17
ANOVA for Experiment 3: ACE acquisition data between
conditions for the first, second and combined segments of the
900-1200 ms task only and collapsed for order in the Blocked
and Blocked-Ixrmediate Retention conditions.
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
68
8
24
544
472920.43
2046105.01
1924806.88
251053.64
8370714.65
5.42
4.45
35.61
1.55
0.0026
0.0001
0.0001
0.0473
Source df SS F P
Condition
Subject(conditi cm)
Block
Condition*Block 
Error
3
68
8
24
544
138834.55
1213121.51
1028365.45
95962.10
3905397.99
2.59
2.49
17.91
0.55
0.0596
0.0001
0.0001
0.9601
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
68
8
24
544
609731.21
4845421.76
5716152.33
358980.94
8603394.78
2.85
12,85
4.51
0.95
0.0436
0.0001
0.0001
0.5385
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Thble 18
ANOVA for Experiment 3: VE acquisition data between
conditions for the first, second and ocrtoined segments of the
900-1200 ms task only and collapsed for order in the Blocked
and Blocked-Immediate Retention conditions.
Source df SS F P
Condition
Subject{condition)
Block
Condition*Block 
Error
3
68
8
24
544
57351.06
867441.47
167171.78
140026.02
3217420.29
1.50
2.16
3.53
0.99
0.2228
0.0001
0.0005
0.4823
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
68
8
24
544
45928.81
1200997.97
482569.61
113087.87
2489771.24
0.87
3.86
13.18
1.03
0.4627
0.0001
0.0001
0.4250
Source df SS F P
Condition
Subject(condition)
Block
Condi tion * Block 
Error
3
68
8
24
544
129034.96
3131717.09
1099593.62
322849.53
7276772.24
0.93
3.44
3.44 
1.01
0.4292
0.0001
0.0001
0.5465
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Table 19
ANOVA for Experiment 3t CE acquisition data between
conditions for the first, second and ccrtoined segments for
the 900-1200 ms task only and oollapsed for order In the
Blocked and Blocked-Immediate Retention conditions.
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
68
8
24
544
747885.43
3030354.19
2539847.03
265146.73
5241255.08
5.59
4.63
32.95
1.15
0.0017
0.0001
0,0001
0.2868
Source df SS F P
Condition
Subject{condition)
Block
Condition*Block 
Error
3
68
8
24
544
131324.60
3810426.18
1312337.28
223039.00
7236623.74
0.78
4.21
12.33
0.70
0.5085
0.0001
0.0001
0.8552
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block 
Error
3
68
8
24
544
1350597.53
8415248.57
7233148.51
643083.11
16085973.86
3.64
15.22
4.19
0.91
0.0170
0.0001
0.0001
0.5940
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Table 20
ANOVA for Experiment 3: AE retention data between conditions
for the first, second and combined segments of the 900-1200
ms task only and collapsed for order in the Blocked and
Blocked-Imnediate Retention conditions.
Source df SS F P
Condition 3 178490.86 5.03 0.0033
Subject(condition) 68 803832.43 6.90 0.0001
Block 1 78.03 0.05 0.8317
Condition*Block 3 15724.58 3.06 0.0340
Error 68 116548.99
Source df SS F P
Condition 3 105965.66 3.20 0.0286
Subject(condition) 68 750129.60 4.44 0.0001
Block 1 6185.82 2.49 0.1191
Condition*Block 3 5142.52 0.69 0.5609
Error 68 168797.28
Source df SS F P
Condition 3 549177.62 5.13 0.0030
Sub j ect(condit ion) 68 2428177.30 9.19 0.0001
Block 1 7653.33 1.97 0.1651
Condition*Block 3 18149.94 1.56 0.2079
Error 68 264299.83
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Table 21
ANOVA for Experiment 3: ACE retention data between conditions
for the first, second and ocntoined segments of the 900-1200
ms task only and collapsed for order in the Blocked and
Blocked-hmvediate Retention conditions.
Source df SS F P
Condition 3 162752.06 3.39 0.0227
Sub ject (''ondi tion) 68 1087027.27 6.00 0.0001
Block 1 1971.36 0.74 0.3926
Conditicn*Block 3 5751.28 0.72 0.5435
Error 68 181080.24
Source df SS F P
Condition 3 88948.89 2.25 0.0902
Sub ject (condition) 68 895578.03 2.85 0.0001
Block 1 34540.22 7.46 0.0080
Condition*Block 3 2068.22 0.15 0.9300
Error 68 314718.93
Source df SS F P
Condition 3 445243.25 3.46 0.0209
Subject(condition) 68 2912641.67 6.06 0.0001
Block 1 53015.06 7.50 0.0079
Condition*Block 3 4284.09 0.20 0.8946
Error 68 480556.10
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Tcible 22
ANOVA for Experiment 3: VE retention data between conditions
for the first, second and ocrfcined segment of the 900-1200 ms
task only and collapsed for order in the Blocked and
Blocked-Iimediate Retention conditions.
Source df SS F P
Condition 3 85362.43 8.34 0.0001
Sub ject(condition) 68 231877.35 1.18 0.2505
Block 8 0.52 0.00 0.9894
Condition*Block 24 18672.85 2.15 0.1019
Error 544 196827.72
Source df SS F P
Condition 3 44288.11 3.23 0.0275
Sub ject (condition) 68 310352.72 2.03 0.0019
Block 8 13355.07 5.95 0.0173
Condition*Block 24 15653.28 2.33 0.0824
Error 544 152533.52
Source df SS F P
Condition 3 229817.92 6.93 0.0007
Subject(condition) 68 814636.05 2.13 0.0011
Block 1 13522.07 2.40 0.1260
Condition*Block 3 26030.41 1.54 0.2121
Error 68 383110.83
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Table 23
ANOVA for Experiment 3: CE retention data between conditions
for the first, second and combined segments for the 900-1200
ms task only and collapsed for order in the Blocked and
Blocked-Inmediate Retention conditions.
Source df SS F P
Condition
Subject(condition)
Block
Condition*Block
Error
3
68
8
"’4
544
101885.44
2538309.04
23347.84
17000.66
239446.30
0.91
10.60
6.63
1.61
0.4410
0.0001
0.0122
0.1953
Source df SS F P
Condition 
Subject (condition) 
Block
Gondition*Block
Error
3
68
8
24
544
45111.45
2600510.09
49602.71
38920.69
353717.98
0.39
7.35
9.54
2.49
0.7583
0.0001
0.0029
0.0673
Source df SS F P
Condition
Sub ject (condition}
Block
Condition*Block
Error
3
68
1
3
68
249626.09
8650524.82
141012.77
100218.51
846402.14
0.65
10.22
11.33
2.68
0.5831
0.0001
0.0013
0.0535
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Tbble 24
ANOVA for Experiment 3; AE, ACE, VE and CE acquisition data 
respectively, between conditions for the 900-1200 ms task 
only, with both segments ccnfoined and order 900-1200, 
700-1000, 500-800 in the Blocked-Immediate Retention
condition removed.
Source df SS P P
Condition
Subject (condition)
Block
Condi tion*Block 
Error
3
62
8
24
496
781510.20
4374161.53
5394077.88
487003.22
6128177.73
3.69
5.71
54.57
1.64
0.0164
0.0001
0.0001
0.0289
Source df SS F P
Condition
Subject (condition)
Block
Condition*Block
Error
3
62
8
24
496
811812.49
4240246.76
5007411.42
527439.97
7475342.12
3.96
4.54
41.53
1.46
0.0120
0.0001
0.0001
0.0752
Source df SS F P
Condition
Sub ject (condition)
Block
Conditicn*Block 
Error
3
62
8
24
496
157547.04 
2793435.29 
1246210.57 
309602.34 
6528396.63
1.17
3.42
11.84
0.98
0.3301
0.0001
0.0001
0.4912
Source df SS F P
Condition
Sub ject (condi tion)
Block
Condi tion *B1ock 
Error
3
62
8
24
496
1422737.75 
7343088.90 
6578919.06 
694958.32 
14185295.10
4.00 
4.14
28.75
1.01
0.0114
0.0001
0.0001
0.4477
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Table 25
ANOVA for Experiment 3: AE, ACE, VE and CE retention data 
respectively, between conditions for the 900-1200 ms task 
only, with both segments combined and order 900-1200, 
700-1000, 500-800 in the Blocked-Immediate Retention
condition removed.
Source df SS F P
Condition 3 446300.88 6.50 0.0007
Subject (condition) 62 1418779.28 5.66 0.0001
Block 1 7458.04 1.84 0.1794
Condi tion*Block 3 18310.76 1.51 0.2210
Error 62 682831.27
Source df SS F P
Condition 3 346794.63 4.03 0.0111
Subject(condition) 62 1780503.16 3.99 0.0001
Block 1 37937.49 5.27 0.0250
Condition*Block 3 3337.41 0.15 0.9263
Error 62 445993.84
Source df SS F P
Condition 3 227774.14 8.41 0.0001
Sub ject (condition) 62 559566.17 1.76 0.0141
Block 1 5948.46 1.16 0.2861
Condi tion*Block 3 21916.29 1.42 0.2449
Error 62 318563.58
Source df SS F P
Condition 3 86460.76 0.28 0.8365
Sub ject (condition) 62 6283467.90 9.20 0.0001
Block 1 132430.01 12.02 0.0010
Oondition*Block 3 100025.90 3.03 0.0360
Error 62 682831.71
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Table 26
ANOVA for Experiment 3: AE, ACE, VE and CE acquisition data
respectively, between order within the
combined on the 900-1200 ms task only »
Source df SS F P
Order 2 380116.22 2.16 0.1495
Sub ject (order) 15 1317995.59 8.62 0.0001
Block 8 960262.86 11.78 0.0001
Qrder*Block 16 172290.82 1.06 0.4038
Error 120 1222552.11
Source df SS F P
Order 2 243419.98 1.94 0.1785
Subject(order) 15 942589.01 5.20 0.0001
Block 8 945764.85 9.78 0.0001
Order*Block 16 397400.98 1.94 0.1785
Error 120 1449900.21
Source df SS F P
Order 2 295119.35 2.54 0,1120
Sub ject (order) 15 870704,84 4.74 0.0001
Block 8 256238.58 2.62 0.0112
Qrder*Block 16 299279.58 1.53 0.1005
Error 120 1468382.43
Source df SS F P
Order 2 78078.26 0.33 0.7211
Subject(order) 15 1752031.38 4.84 0.0001
Block 8 1397202.53 7.23 0.0001
Order*Block 16 187814.46 0.49 0.9498
Error 120 2897267.45
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Tfcble 27
ANOVA for Experiment 3: AE, ACE, VE and CE retention data
Retention condition for both segments ccrbined on
900-1200 ms task only.
Source df SS F P
Order 2 554423.23 7.56 0.0054
Subject(order) 15 550217.33 6.63 0.0004
Block 1 46.24 0.01 0.9283
Order*Block 2 1245.63 0.11 0.8942
Error 15 82945.80
Source df SS F P
Order 2 522110.25 5.51 0.0160
Subject(order} 15 710044.49 5.97 0.0007
Block 1 20909.16 2.64 0.1253
Order*Block 2 7339.62 0.46 0.6384
Error 120 119022.46
Source df SS F P
Order 2 12806.49 0.31 0.7369
Sub ject(order) 15 308215.03 2.37 0.0531
Block 1 12936.80 1.49 0.2412
Order*Block 2 18459.13 1.06 0.3702
Error 120 120206.98
Source df SS F P
Order 2 342026.16 0.96 0.4068
Sub ject(order) 15 2684174.92 8.06 0.0001
Block 1 29332.27 1.32 0.2685
Qrder*Block 2 14719.27 0.33 0.7231
Error 120 333150.67
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Tfcble 28
ANOVA for Experiment 3: AE, ACE, VE and CE acquisition data
respectively, between order for both segments oorrfcined within
the Blocked condition.
Source df SS F P
Order 2 90165.37 0.36 0.7008
Sub ject (order) 15 1857439.19 16.43 0.0001
Session 2 172228.92 2.50 0.0988
Session*order 4 2104557.67 69.82 0.0001
Block 8 1270247.58 21.07 0.0001
Grder*block 16 148773.30 1.23 0.2393
Session*block 16 388915.10 3.23 0.0001
Error 360 2712929.79
Source df SS F P
Order 2 186671.42 1.11 0.3553
Subject (order) 15 1261853.50 9.82 0.0001
Session 2 85163.61 1.45 0.2501
Session*order 4 1203003.72 35.11 0.0001
Block 8 970030.09 14.16 0.0001
Order*block 16 238707.31 1.74 0.0377
Session*block 16 301156.90 2.20 0.0051
Error 360 3083754.93
Source df SS F P
Order 2 4560.69 0.03 0,9742
Sub j ect(order) 15 1307388.02 11.98 0,0001
Session 2 80249.68 1.99 0.1695
Session*order 4 1311740.68 45.09 0.0001
Block 8 496468.52 8.53 0.0001
Order*block 16 111241.39 0.96 0.5051
Sessicn*block 16 165171.33 0.96 0.1293
Error 360 2618195.86
Source df SS F P
Order 2 146017.76 0.72 0.5039
Subject(order) 15 1525828.08 5.49 0.0001
Session 2 223571.26 1.76 0.1887
Session*order 4 2127773.50 28.69 0.0001
Block 8 884174.09 5.96 0.0001
Order*block 16 258223.27 0.87 0.6039
Session*block 16 549432.74 1.85 0.0237
Error 360 6673721.97
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liable 29
ANOVA for Experiment 3; AE, ACE, VE and CE inroediate
retenticn data respectively, between order for both segments
combined within the Blocked condition.
Source df SS F P
Order 2 36629.16 0.40 0.6773
Subject(order) 15 686989.14 7.56 0.0001
Session 2 44050.20 1.56 0.2258
Se ss ion*order 4 492415.81 20.32 0.0001
Block 8 2658.25 0.47 0.4957
Order*block 16 1227.81 0.10 0.9038
Se s sion*block 16 283.58 0.02 0.9769
Error 360 272577.62
Source df SS F P
Order 2 61908.74 0.56 0.5809
Sub j ect (order) 15 824125.99 7.72 0.0001
Session 2 64922.89 1.57 0.2246
Session*order 4 363236.15 12.77 0,0001
Block 8 11556.81 1.62 0.2090
Qrder*block 16 110.47 0.01 0,9923
Session*block 16 3362.24 0.24 0.7905
Error 360 320089.41
Source df SS F P
Order 2 3797.67 0.14 0.8681
Sub ject(order) 15 199394.67 3.37 0.0008
Session 2 18327.83 1.26 0.2973
Session*order 4 123889.71 7.86 0.0001
Block 8 11514.82 2.92 0.0942
Qrder*block 16 1050.82 0.13 0.8755
Session*1-' ock 16 1219.51 0.15 0.8570
Error 360 177255.90
Source df SS F P
Order 2 182552.79 0.49 0.6271
Subject(order) 15 2789992.05 31.00 0.0001
Session 2 89736.72 0.79 0.4623
Session*order 4 294613.89 12.28 0.0001
Block 8 43120.04 7.19 0.0102
Order*block 16 32055.82 2.67 0.0801
Session*block 16 10218.51 0.85 0.4335
Error 360 270007.42
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Tfcble 30
ANOVA for Experiment 3: AE, ACE, VE and CE 5 min delayed
retention data respectively, between order for both segments
ccrrtoined within the Blocked condition.
Source df SS F P
Order 2 122158.78 2.98 0.0815
Sub ject{order) 15 307711.30 3.22 0.0012
Session 2 34834.81 0.43 0.6571
Session*order 4 357219.49 14.02 0.0001
Block 1 8849.09 1.39 0.2447
Qrder*block 2 11372.76 0.89 0.4166
Session*block 2 4691.20 0.37 0.3634
Error 45 286576.53
Source df SS F P
Order 2 187942.92 5.25 0.0187
Subject(order) 15 268576.86 1.88 0.0517
Session 2 72526.43 0.71 0.5002
Session*order 4 169702.09 4.46 0.0040
Block 1 34347.00 3.61 0.0638
Order*block 2 13324.28 0.70 0.5016
Session*block 2 6991.01 0.37 0.6944
Error 45 427868.31
Source df SS F P
Order 2 7978.41 0.27 0.7662
Sub ject(order) 15 220753.07 2.21 0.0207
Session 2 8588.33 0.42 0.6601
Session*order 4 235741.31 8.84 0.0001
Block 1 20482.95 3.07 0.0864
Grder*block 2 16975.95 1.27 0.2898
Session*block 2 30599.97 2.30 0.1124
Error 45 299999.03
Source df SS F P
Order 2 255718.57 1.41 0.2593
Sub ject(order) 15 2863931.87 15.35 0.0001
Session 2 61612.81 0.16 0.8525
Sessicn*order 4 1406750.08 28.27 0.0001
Block 1 114361.18 9.19 0.0040
Grder*block 2 48424.63 1.95 0.1546
Session*block 2 12851.93 0.52 0.6001
Error 45 559822.04
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Table 31
ANOVA for Experiment 3: AE, ACE, VE and CE acquisition data
respectively, between order for both segments ccmbined within
Source df SS F P
Order 2 179423.82 0.86 0.4422
Subject{order) 15 1561140.56 8.36 0.0001
Block 8 1127332.97 11.31 0.0001
Order*block 16 467600.55 2.35 0.0046
Error 120 1494710.50
Source df SS F P
Order 2 163233.60 0.93 0.4150
Sub ject t order) 15 1311855.16 5.95 0.0001
Block 8 1271163.19 10.81 0.0001
Grder*block 16 430360.19 1.83 0.0345
Error 120 1763493.30
Source df SS F P
Order 2 65403.27 0.55 0.5857
Subject (order) 15 884768.31 5.02 0.0001
Block 8 183930.96 1.96 0.0577
Grder*block 16 219221.97 1.17 0.3050
Error 120 1410089.24
Source df SS F P
Order 2 41748.42 1.13 0.8792
Sub ject (order) 15 2410438.22 5.74 0.0001
Block 8 1781747.53 7.96 0.0001
Qrder*block 16 509633.08 7.96 0.3283
Error 120 3357293.85
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Table 32
ANOV7V for Experiment 3: AE, ACE, VE and CE irunediate
retention data respectively, between order for both
segments combined within the Blocked condition for
900-1200 ms task only.
Source df SS F P
Order 2 
Subject(order) 15 
Block 1 
Qrder*block 2 
Error 15
70292.88
694462.05
122.47
555.82
163234.47
0.79
4.25
0.01
0.03
0.4852
0.0040
0.9169
0.9748
Source df SS F P
Order 2 111585.71 0.84 0.4518
Sub ject {order) 15 998622.38 5.42 0.0011
Block 1 112.36 0.01 0.9251
Order*block 2 1069.09 0.04 0.9575
Error 15 184195.25
Source df SS F P
Order 2 14456.88 1.09 0.3613
Subject{order) 15 99433.31 1.08 0.4436
Block 1 6900.30 1.12 0.3064
Order*block 2 8862.51 0.72 0. 5027
Error 15 92291.28
Source df SS F P
Order 2 286390.62 0.73 0.4981
Sub ject (order) 15 2940535.62 21.97 0.0001
Block 1 31423.47 3.52 0.0801
Order*block 2 23426.07 1.31 0.2982
Error 15 133824.74
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Tbble 33
ANOVft for Experiment 3: AE, ACE, VE and CE 5 min delayed 
retention data respectively, between order for both 
segments ccrrbined within the Blocked condition for the 
900-1200 ms task only.
Source df SS F P
Order 2 62356.11 0.67 0.5244
Sub j ect (order) 15 693784.34 7.38 0.0002
Block 1 1120.02 0.18 0.6787
Qrder*block 2 22035.44 1.76 0.2063
Error 15 94058.61
Source df SS F P
Order 2 117391.42 1.08 0.3659
Subject (order) 15 818363.42 4.58 0.0027
Block 1 4207.68 0.35 0.5610
Order*block 2 30081.63 1.26 0.3110
Error 15 178513.01
Source df SS F P
Order 2 15269.90 0.56 0.5847
Subject (order) 15 205858.47 1.53 0.2114
Block 1 16848.17 1.87 0.1913
Qrder*block 2 20731.35 1.15 0.3423
Error 15 134630.95
Source df SS F P
Order 2 62356.11 0.67 0.5244
Sub ject (order) 15 693784.34 4.97 0.0002
Block 1 1120.02 0.18 0.6786
Qrder*block 2 22035.44 1.76 0.2063
Error 15 94058.61
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Table 34
ANOVA for experiment. 3; AE, ACE, VE and CE acquisition data 
respectively, between the Blocked and the Inmediate 
Repetition conditions for both segments combined and the 
900-1200 ms task only.
Source df SS F P
Condition 1 166382.41 1.96 0.1707
Sub ject(condition) 34 2888603.92 5.68 0.0001
Block 8 3575251.86 29.87 0.0001
Oondition*block 8 183011.20 1.53 0.1470
Error 272 4069670.72
Source df SS F P
Condition 1 90353.68 1.15 0.2920
Sub ject (condi t ion) 34 2681054.95 4.30 0.0001
Block 8 3623993.70 24.72 0.0001
Condition*block 8 111962.24 0.76 0.6350
Error 272 4984117.18
Source df SS F P
Condition 1 87658.26 1.83 0.1854
Subject(condition) 34 1631438.96 3.79 0.0001
Block 8 623371.98 6.15 0.0001
Condition*block 8 81413.42 0.80 0.6004
Error 272 3447090.62
Source df SS F P
Condition 1 21462.25 0.14 0.7144
Subject(condition} 34 5358020.15 4.28 0.0001
Block 8 4359627.53 14.82 0.0001
Condi tion*block 8 225471.52 0.77 0.6328
Error 272 10004323.72
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'Kible 35
ANOVA for experiment 3: AE, ACE, VE and CE inmediate 
retention data respectively/ between the Blocked and the 
Immediate Repetition conditions for both segments carbined 
and the 900-1200 ms task only.
Source df SS F P
Condition 1 22155.13 0.62 0.4350
Sub jecrt {condi tion) 34 1206895.44 5.63 0.0001
Block 1 9270.68 1.47 0,2337
Condition*block 1 12529.45 1.99 0.1678
Error 34 214411.09
Source df SS F P
Condition 1 2920.29 0.28 0.5975
Sub ject{condi t ion) 34 349488.10 2.40 0.0062
Block 1 31.32 0.01 0.9323
Condition*block 1 12517.12 2.93 0.0963
Error 34 308199.60
Source df SS F P
Condition 1 31175.05 0.63 0.4317
Subject (condition) 34 1674136.92 5.88 0.0001
Block 1 6934.49 0.83 0.3694
Condi tion*block 1 4662.56 0.56 0.0963
Error 34 284869.77
Source df SS F P
Condition 1 166.23 0.00 0.9733
Sub ject (condition) 34 4966464.81 16.01 0.0001
Block 1 17316.61 1.90 0.1773
Cbndition*block 1 14184.89 1.55 0.2210
Error 34 310239.88
Appendix E 
Cell Means and Standard Deviations 
for Experiments 1, 2, and 3 Respectively
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Table 36
Experiment 1: Cell Means and Standard Deviations
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Experiment 2; Cell Means and Standard Deviations
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Experiment 3; Cell Means and Standard Deviations
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Vita
Harry John Meeuwsen (Hendrikus Johannes Theodoras are 
his official names in his native Dutch) was bora on April 
4, 1957 in Doornenburg, Nether land. After successfully 
oorpleting high-school he enrolled in the C.I.O.S., an 
institute specialized in the education of coaches in 
Overveen, the Netherlands, After being drafted by the Dutch 
Array as a physical education instructor, he continued his 
education while teaching physical education in the Array and 
coaching gymnastics. He successfully obtained his Akte-J 
diploma that allowed him to teach physical education in the 
Dutch secondary school system. Following his short-lived 
Army career, he enrolled as a junior in the Academy of 
Physical Education in Tilburg, the Netherlands while 
continuing to coach gymnastics for the Royal Dutch 
Gymnastics Federation. Obtaining his Akte MO-P in two 
years, he decided to obtain his M.S. in physical education 
as a graduate assistant in athletics at the University of 
New Hanpshire. Gorrpleting this study in one and one half 
year, he transferred to Louisiana State University where he 
worked as the assistant coach for the women's gymnastics 
team and obtained his Ph.D. in physical education.
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